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# QTY REFDES DEVICE DECAL VALUE

114 C1,C2,C3,C4, CAPTANT 3216 1uU
C5,C6,C7,C8,
C9,C10,C11,
C12,C13,C20
27 C14,C17,C21, CAPTANT 6032 10U
C23,C24,C25,
C26
3 5 C15,C16,C18, CAPTANT 7343 47U
C19,C22
4 114 C27,C28,C29, CAPSMT 0603 0.1U
C30,C31,C32,
C33,C34,C35,
C36,C37,C38,
C39,C40,CA41,
C42,C43,C44,
C45,C46,C47,
C48,C49,C50,
C51,C52,C53,
C54,C55,C56,
C57,C58,C59,
C60,C61,C62,
C63,C64,C65,
C66,C67,C68,
C69,C70,C71,
C72,C73,C74,
C75,C76,C77,
C78,C79,C80,
C81,C82,C83,
C84,C85,C86,
C87,C88,C89,
C90,C91,C92,
C93,C94,C95,
C96,C97,C98,
C99,C100,C101,
C102,C103,
C104,C105,
C106,C107,
C108,C109,
C110,C111,
C112,C113,
C114,C115,
C116,C117,
C118,C119,
C120,C121,
C122,C123,
C124,C125,
C126,C127,
C128,C129,
C130,C132,
C133,C134,
C135,C136,
C137,C140,
C141,C142,C143
1 Ci31 CAPSMT 0603 220P
1 C138 CAPSMT 0805 390P
1 C139 CAPSMT 0805 47P
32 D1,D2,D3,D4, BAV99ZX SOT23D
D5,D6,D07,D8,
D9,D10,D11,
D12,D13,D14,
D15,D016,D17,
D18,D019,D20,
D21,D22,D023,
D24,D25,D26,

5
6
7
8



b Rl Rl |

D30,D031,D32
D33 DL4002
El INP-HDR2
F1,F2,F3,F4 SMDO050
J1 MOLEXW2B4
J2 MOLEXW2B8
JP1,JP2,JP3 JUMPER
L1,L2 BLA41BO1
L3,L4,L5L6 BLM41A800
M1 SST211
184 P1,P2,P3,P4 ZPACK24
192 P5,P6 IDC-HD
2032 R1,R2,R3,R4, RESSMT
R5,R6,R7,R8,
R9,R10,R11,
R12,R13,R14,
R15,R16,R17,
R18,R19,R20,
R21,R22,R23,
R24,R25,R26,
R27,R28,R29,
R30,R31,R32
2164 R33,R35R37, RES_NW2
R39,R41,R43,
R45,R47,R49,
R51,R53,R55,
R57,R59,R61,
R63,R65,R67,
R69,R71,R73,
R75,R77,R79,
R81,R83,R85,
R87,R89,R91,
R93,R95,R97,
R99,R101,R103,
R105,R107,
R109,R111,
R113,R115,
R117,R119,
R121,R123,
R125,R127,
R129,R131,
R133,R135,
R137,R139,
R141,R143,
R145,R147,
R149,R151,
R153,R155,
R157,R159
2264 R34,R36,R38, RES_NW2
R40,R42,R44,
R46,R48,R50,
R52,R54,R56,
R58,R60,R62,
R64,R66,R68,
R70,R72,R74,
R76,R78,R80,
R82,R84,R86,
R88,R90,R92,
R94,R96,R98,
R100,R102,
R104,R106,
R108,R110,
R112,R114,
R116,R118,
R120,R122,
R124,R126,
R128,R130,
R132,R134,
R136,R138,

91
101
114
121
131
143
152
16 4
171

SOD-87
SIP-2P
MSMDO075
53398-0490
53398-0890
SIP-2P
BLA41B01
1805
SOT143
223513-1
845-A080P-ALAS55
0603

DL4002

500MA

000
000

24.9

RES-EXB-V2 5.6K

RES-EXB-V2 56



A Ty AL Ty

R144,R146,

R148,R150,

R152,R154,

R156,R158,R160
2364 R161,R162, RESSMT 0603

R163,R164,

R165,R166,

R167,R168,

R169,R170,

R171,R172,

R173,R174,

R175,R176,

R177,R178,

R179,R180,

R181,R182,

R183,R184,

R185,R186,

R187,R188,

R189,R190,

R191,R192,

R193,R194,

R195,R196,

R197,R198,

R199,R200,

R201,R202,

R203,R204,

R205,R206,

R207,R208,

R209,R210,

R211,R212,

R213,R214,

R215,R216,

R217,R218,

R219,R220,

R221,R222,

R223,R224
242 R225R226 RESSMT 0603
251 R227 RESSMT 0603
261 R228 RESSMT 0603
271 R229 RESSMT 0603
281 R230 RESSMT 0603
292 R231,R232 RESSMT 0603
304 U1,U2,U3,U4 IC31A-QFP
3132 U5,U6,U7,U8, AD8044AR S014M1

U9,u10,u11,

U12,U13,U14,

U15,U16,Ul7,

U18,u19,u20,

U21,uU22,U23,

U24,U25,U26,

u27,U28,U29,

U30,U31,U32,

U33,U34,U35,

U36
321 U37 DS26C32 SO16M1
331 U38 SN74HC14 S014M1
341 U39 EPM7032QC QFP44-5
351 U40 DACB8562FS SO20WB
362 U41,uU42 DS26C31 SO16M1
371 U43 MIC29372BU TO-263-5
381 U44 LM337T TO-220-S
391 U45 MIC2937A TO-263
401 U46 LT1175CST-5 SOT-223
411 u47 DS1624 SO8M1

10K
51.1
47K
105K
102K

121

MQFP64-M108

1.

1



INSTRUMENTATION DIVISION
BROOKHAVEN NATIONAL LABORATORY
UPTON, NY 11973

JOB TITLE:  PHENIX TEC Preamp/Shaper Front End board.

BNL-IO Control number: |0-865-1-2

JOB DESCRIPTION:

Design services for layout of multi-layer printed circuit board
as per Brookhaven specifications.

ITEMS PROVIDED BY BNL:

Engineer:

1. Schematics.

2. PADS Perform / PADS Power PCB job file with the net-list
read into the job.

3. Copy of the parts and decal library used in the Job file.

4. Available Datasheets for cross reference will be provided.

5. Earlier revision of an identical PCB designed at BNL will
be provided for reference. [ BNL/IO-849-1]

Anand Kandasamy
535 B 20 Technology Street
Upton, NY 11873
Phone: 516-344-5486
Fax :516-344-5773
Email: anand@bnl.gov

SPECIFACTION AND DESIGN RULES:

1. NO AUTO ROUTING TO BE PERFORMED.

2. Strict trace length minimization in the X direction.

Input traces which belong to the net class below should have minimum exposure.

CHIPA_INPUTS, CHIPB_INPUTS, CHIPC_INPUTS and CHIPD_INPUTS

Planes required:

TOP and BOTTOM layers require maximum copper flood, connected to net GND.

Net VDD : 1

Net VSS : 1

Net VCC : 1

Net VEE : 1

Net GND : 3 [including TOP and BOTTOM GND Flood]
Signal As required by routing consideration.

Refer to BNL-JOB/10849-1 for routing of net CALIB.

Net "CLK and NET "LD has to fan—out from the midpoint of

chips A,B,C and D and has to be symmetric.

. Trace capacitance of signals under the net class below has to be less
than 10pF. Layer Stack up can be modified to achieve this.

CMOS_DEDX and CMOS_TR

D1-D32
R1-R32

Maintain the placement strategy of the below components.



e WA

10. Every signal routing layers separated by power or ground plane.

11. Input power traces to the voltage regulators on segmented plane
on any of the routing layers, instead of wide traces.

[see BNL-JOB: 10-849-1, Layers 4, 5 and 8].
These net are power carrying nets. +3*, 6V*
12. Tabs on U43 and U45 connected to GND plane/flood to act as heat sink.
Tabs on U44 and U46 connected to their respective signals
in the net-list and copper area connected to the tab made
larger to dissipate heat.

13. 56 ohm Resistor packs on net class OUT_DEDX_P, OUT_DEDX_N,
OUT_TR_P and OUT_TR_N has to be placed closer to the opamp
where the signal originates.

* Refer to BNL-JOB/I0849-1, for placement followed.

14. Test points for power VDD, VCC, VEE, VSS and GND to be placed
at 100mil center.

15. Maintain the copper keep out area on all layers on the edge of the
board, as in BNL-JOB : 10-849-1.

16. Layer numbering window [see BNL-JOB: |0-849-1].
17. Solder mask and Silk screen-Legend required.

18. PADSTACK has to be verified by the Layout designer for every part,
even though parts were supplied by BNL

19. Board Thickness : 0.093"
20. Total Number of Boards required: 20
21. Treat all trace width to be FINISHED trace width.

Signals that are treated as differential pairs and net class
assignments are given below.

DIFFERENTIAL PAIRS

[NET_PAIR] DEDXO0_N DEDX0_P
[NET_PAIR] DEDXI1 N DEDX1_P
[NET_PAIR] DEDX2_N DEDX2_P
[NET_PAIR] DEDX3 N DEDX3_P
[NET_PAIR] DEDX4 N DEDX4_P
[NET_PAIR] DEDX5_N DEDX5_P
[NET_PAIR] DEDX6_N DEDX6_P
[NET_PAIR] DEDX7_N DEDX7_P
[NET_PAIR] DEDX8 N DEDX8_P
[NET_PAIR] DEDX9_N DEDX9_P
[NET_PAIR] DEDX10_ N  DEDXI1O0 P
[NET_PAIR] DEDX11 N  DEDX11 P
[NET_PAIR] DEDX12 N  DEDX12 P
[NET_PAIR] DEDX13 N  DEDX13 P
[NET_PAIR] DEDX14 N  DEDX14 P
[NET_PAIR] DEDX15_ N  DEDX15 P
[NET_PAIR] DEDX16_N  DEDX16_P
[NET_PAIR] DEDX17 N  DEDX17_P
[NET_PAIR] DEDX18 N  DEDX18 P
[NET_PAIR] DEDX19 N  DEDX19 P
[NET_PAIR] DEDX20 N  DEDX20_P
[NET_PAIR] DEDX21 N  DEDX21 P
[NET_PAIR] DEDX22 N  DEDX22 P
[NET_PAIR] DEDX23 N  DEDX23 P
[NET_PAIR] DEDX24 N  DEDX24 P
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[NET_PAIR] DEDX26_N  DEDX26_P
[NET_PAIR] DEDX27_ N  DEDX27_P
[NET_PAIR] DEDX28_ N  DEDX28_P
[NET_PAIR] DEDX29 N  DEDX29 P
[NET_PAIR] DEDX30_N  DEDX30_P
[NET_PAIR] DEDX31_ N  DEDX31 P
[NET_PAIR] TRO_N TRO_P
[NET_PAIR] TR1N TR1_P
[NET_PAIR] TR2_N TR2_P
[NET_PAIR] TR3_N TR3_P
[NET_PAIR] TR4_N TR4_P
[NET_PAIR] TR5 N TR5_P
[NET_PAIR] TR6_N TR6_P
[NET_PAIR] TR7_N TR7_P
[NET_PAIR] TR8_N TRS_P
[NET_PAIR] TR9_N TR9_P
[NET_PAIR] TR10_N TR10_P
[NET_PAIR] TR11_N TR11 P
[NET_PAIR] TR12_N TR12_P
[NET_PAIR] TR13_N TR13_P
[NET_PAIR] TR14_N TR14_P
[NET_PAIR] TR15_N TR15_P
[NET_PAIR] TR16_N TR16_P
[NET_PAIR] TR17_N TR17 P
[NET_PAIR] TR18_N TR18 P
[NET_PAIR] TR19_N TR19_P
[NET_PAIR] TR20_N TR20_P
[NET_PAIR] TR21_N TR21_P
[NET_PAIR] TR22_N TR22_P
[NET_PAIR] TR23_N TR23 P
[NET_PAIR] TR24_N TR24_P
[NET_PAIR] TR25_N TR25_P
[NET_PAIR] TR26_N TR26_P
[NET_PAIR] TR27_N TR27_P
[NET_PAIR] TR28_N TR28_P
[NET_PAIR] TR29 N TR29_P
[INET_PAIR] TR30_N TR30_P
[NET_PAIR] TR31_N TR31_P
[NET_PAIR]  INA+ INA-
[NET_PAIR]  INB+ INB-
[NET_PAIR]  INC+ INC-
[INET_PAIR] STR+ STR-
[NET_PAIR] S1_N S1 P
[NET_PAIR] S2_N S2 P
[NET_PAIR] S3_N S3 P
[NET_PAIR] S4_N sS4 p
[NET_PAIR] RDBK_N RDBK_P
[NET_PAIR] CLK_N CLK_P
[NET_PAIR] DATA_N DATA_P
[NET_PAIR] LD_N LD _P
[NET_PAIR] STROBE_N  STROBE_P

NET_CLASS CHIPA_INPUTS

ANODEO ANODE1 ANODE2 ANODE3 ANODE4 ANODES ANODE6 ANODE7?
INO IN1 IN2 IN3 IN4 INS IN6 IN7

NET_CLASS CHIPB_INPUTS

ANODES ANODE9 ANODE10 ANODE11 ANODE12 ANODE13 ANODE14 ANODE15
IN8 IN9 IN10 IN11 IN12 IN13 IN14 IN15

NET_CLASS CHIPC_INPUTS

ANODE16 ANODE17 ANODE18 ANODE19 ANODE20 ANODE21 ANODE22 ANODE23
IN16 IN17 IN18 IN19 IN20 IN21 IN22 IN23

NET_CLASS CHIPD_INPUTS



ANODE?24 ANODE25 ANODE26 ANODE27 ANODE28 ANODE29 ANODE30 ANODE31
IN24 IN25 IN26 IN27 IN28 IN29 IN30 IN31

NET_CLASS SERIAL
CLK_N CLK_P DATA DATA_N DATA_P DIN DOUTA DOUTB DOUTC DOUTD
INA+ INA- INB+ INB- INC+ INC- LD_N LD_P MODE OUTA OUTAB
OuUTB OUTBB OUTC OUTCB RDBK_N RDBK_P STR+ STR- STROBE_N STROBE_P
"CLK "CLOCK "LD "LOAD
NET_CLASS CALIBRATION
CALIB DACOUT EXT_CAL INT_CAL STROBE VX10
NET_CLASS DAC
BITO BIT1 BIT2 BIT3 BIT4 BIT5 BIT6 BIT7 BIT8 BIT9 BIT10 BIT11
NET_CLASS OPAMP_PWR+
V+U5 V+U6 V+U7 V+U8 V+U9 V+U10 V+U11 V+U12
V+U1l3 v+Ul1l4 v+U15 v+Ul1l6 V+U17 V+U18 V+U19 V+U20
V+U21 V+U22 V+U23 V+U24 V+U25 V+U26 V+U27 V+U28
V+U29 V+U30 V+U31 V+U32 V+U33 V+U34 V+U35 V+U36
NET_CLASS OPAMP_PWR-
V-U5 V-U6 V-U7 V-U8 V-U9 V-U10 V-U11l V-U12
V-U13 v-U14 v-U15 V-Ul6 V-U1l7 v-U18 V-U19 V-U20
V-U21 V-U22 V-U23 V-U24 V-U25 V-U26 V-U27 V-U28
V-U29 v-U30 V-U31 V-U32 V-U33 V-U34 V-U35 V-U36
NET_CLASS BIAS
IBIAS_A IBIAS_B IBIAS_C IBIAS_D
OBIAS_A OBIAS B OBIAS_C OBIAS D
RBIAS_A RBIAS_B RBIAS_C RBIAS_D
VB1 AVB1 BVB1 CVB1 D
VB2_AVB2 BVB2 CVB2 D
NET_CLASS ADDRESS
S1S1 NS1 PS2S2 NS2 PS3S3 NS3 PS4S4 NS4 P
NET_CLASS PWR_INPUTS
3V+ 3V+F 3V+L 6V+ 6V+F 6V+L 6V- 6V-FA 6V-FB 6V-LA 6V-LB
NET_CLASS PWR_VDD
VDD VDD_ADJ
NET_CLASS PWR_VSS
VSS VSS_ADJ
NET_CLASS PWR_VCC
VCC
NET_CLASS PWR_VEE
VEE
NET_CLASS DS1624
GND_EXT SCL SDA VCC_EXT

NET_CLASS OUT_DEDX_P



DEDX0_P DEDX1_P DEDX2_P DEDX3_P DEDX4_P DEDX5_P DEDX6_P DEDX7_P
DEDX8_P DEDX9_P DEDX10_P DEDX11_P DEDX12_P DEDX13_P DEDX14 P
DEDX15_P DEDX16_P DEDX17_P DEDX18_P DEDX19_P DEDX20_P DEDX21_P
DEDX22_P DEDX23_P DEDX24_P DEDX25_P DEDX26_P DEDX27_P DEDX28_P
DEDX29_P DEDX30_P DEDX31_P

NET_CLASS OUT_DEDX_N

DEDX0_N DEDX1_N DEDX2_N DEDX3_N DEDX4_N DEDX5_N DEDX6_N DEDX7_N
DEDX8_N DEDX9_N DEDX10_N DEDX11_N DEDX12_N DEDX13_N DEDX14 N
DEDX15_N DEDX16_N DEDX17_N DEDX18 N DEDX19 N DEDX20_N DEDX21 N
DEDX22_N DEDX23_N DEDX24_N DEDX25_N DEDX26_N DEDX27_N DEDX28_N
DEDX29_N DEDX30_N DEDX31_N

NET_CLASS OUT_TR_N

TRO_N TR1_N TR2_N TR3_N TR4_N TR5_N TR6_N TR7_N TR8_N TR9_N
TR10_N TR11_N TR12_N TR13_NTR14 N TR15 N TR16_N TR17_N TR18_N
TR19_N TR20_N TR21_N TR22_N TR23_N TR24_N TR25_N TR26_N TR27_N
TR28_N TR29_N TR30_N TR31_N

NET_CLASS OUT_TR_P

TRO_P TR1_P TR2_P TR3_P TR4_P TR5_P TR6_P TR7_P TR8_P TR9_P
TR10_P TR11_P TR12_P TR13 P TR14_P TR15_P TR16_P TR17_P TR18 P
TR19_P TR20_P TR21_P TR22_P TR23_P TR24_P TR25_P TR26_P TR27_P
TR28_P TR29_P TR30_P TR31_P

NET_CLASS CMOS_TR

TRO TR1 TR2 TR3 TR4 TR5 TR6 TR7 TR8 TR9 TR10 TR11 TR12 TR13 TR14
TR15 TR16 TR17 TR18 TR19 TR20 TR21 TR22 TR23 TR24 TR25 TR26 TR27
TR28 TR29 TR30 TR31

NET_CLASS CMOS_DEDX

DEDXO0 DEDX1 DEDX2 DEDX3 DEDX4 DEDX5 DEDX6 DEDX7 DEDX8 DEDX9 DEDX10
DEDX11 DEDX12 DEDX13 DEDX14 DEDX15 DEDX16 DEDX17 DEDX18 DEDX19
DEDX20 DEDX21 DEDX22 DEDX23 DEDX24 DEDX25 DEDX26 DEDX27 DEDX28
DEDX29 DEDX30 DEDX31

NET_CLASS OPAMP_DEDX_POS

DOP D1P D2P D3P D4P D5P D6P D7P D8P D9P D10P D11P D12P D13P D14P
D15P D16P D17P D18P D19P D20P D21P D22P D23P D24P D25P D26P D27P
D28P D29N D30P D31P

NET_CLASS OPAMP_DEDX_NEG

DON D1IN D2N D3N D4N D5N D6N D7N D8N DON D10N D11N D12N D13N D14N
D15N D16N D17N D18N D19N D20N D21N D22N D23N D24N D25N D26N D27N
D28N D29P D30N D31N

NET_CLASS OPAMP_DEDX_INN

DOINN D1INN D2INN D3INN D4INN DSINN D6INN D7INN D8INN DOINN D10INN
D11INN D12INN D13INN D14INN D15INN D16INN D17INN D18INN D19INN
D20INN D21INN D22INN D23INN D24INN D25INN D26INN D27INN D28INN
D29INN D30INN D31INN

NET_CLASS OPAMP_TR_INN
TOINN TLINN T2INN T3INN T4INN T5INN T6INN T7INN T8INN T9INN T10INN
T11INN T12INN T13INN T14INN T15INN T16INN T17INN T18INN T19INN
T20INN T21INN T22INN T23INN T24INN T25INN T26INN T27INN T28INN
T29INN T30INN T31INN

NET_CLASS OPAMP_TR_NEG
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T15N T16N T17N T18N T19N T20N T21N T22N T23N T24N T25N T26N T27N
T28N T29N T30N T31N

NET_CLASS OPAMP_TR_POS
TOP T1P T2P T3P T4P T5P T6P T7P TS8P T9P T10P T11P T12P T13P T14P
T15P T16P T17P T18P T19P T20P T21P T22P T23P T24P T25P T26P T27P
T28P T29P T30P T31P

NET_CLASS PWR_GND

GND



INCORPORATED

BAV99

SURFACE MOUNT SWITCHING DIODE

Features

High Conductance
Ultra Fast Switching Time

Dual Diode in Series (Doubler) Connection

Mechanical Data

Case: SOT-23 Plastic
Terminals: Solderable per
MIL-STD-202, Method 208
Mounting Position: Any

Weight: 0.01 grams (approx.)

SOT-23

4)‘;<—A
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£B :

- 6P

‘ H

[ \
T ETATY v
Alternate Marking AL ‘* ,&
Codes: J
A7, JE, RA7, RBA .
Min Max
- - - - A 0.37 0.50
Maximum Ratings Single Diode B 119 | 1409
— : C 2.10 2.50
Characteristic Symbol Value Unit D 0.89 1.05
Power Dissipation @ T p = 25°C
for Total Package (Mounted) Pd 300 mw E 0.45 0.61
Reverse Voltage, Peak Reverse Ve V 70 Vv G 1.78 2.05
Voltage R, VRM H 279 | 3.05
Peak Forward Current [5Y] 300 mA J 0.013 | 0.150
Average Rectified Current lav 100 mA K 0.89 1.10
Peak Forward Surge Current L 0.45 0.61
Pulse Width = 1nBec 2.0 A
Pulse Width = 1 Second IFsm 0.5 A M_ | 0.076 | 0.130
Storage & Operating Temperature | Tj, Tstg | -55 to +150 °C All Dimensions in mm
Electrical Characteristics Single Diode @ TA = 25°C Unless otherwise specified
Characteristic Test Conditions Symbol Min Max Unit
Breakdown Voltage Ir = 100mA V(BR) 70 \"
VR = 70V 2.5
Reverse Current VR = 25V, Ta = 150°C | — 50 m
VR = 70V, Ta = 150°C R 100
IF=1.0mA 715 mV
IF = 10mA 0.855 Y
Forward Voltage IF = 50mA VE — 11 Vv
IF = 150mA 1.25 Y
] IF=1r = 10mA
Reverse Recovery Time IRr = 1.0mA R = 100W Trr — 6.0 nSec
Diode Capacitance VE=VR=0 f=1MHz Cr — 4.0 pF

Diodes Inc 3050 East Hillcrest Drive,

BAV99

Westlake Village, CA 91362-3154
Page 1 of 1

Tel: (805) 446-4800 Fax:

To order/reorder this document please request Data Sheet BAV99 Rev. B 5/15/96 or Data Sheet BAV99 (Current Revision).

(805) 446-4850



DL4001 - DL4007

1.0 AMPERE GLASS PASSIVATED SURFACE MOUNT RECTIFIER

III!(‘

INCORPORATED

Features

Glass passivated junction MELF
Plastic material has Underwriters Lab flammability

Classfication 94V-0 }.#.‘
High current capability

Low forward voltage drop
High reliability and low leakage B
For surface mounted application
—> |
CATHODE MARK
Mechanical Data
TERMINALS: Solderable per MIL-STD-202, Min Max
Method 208 . A 48 5.2
CASE: MELF, Molded Plastic 5 4 o5
MOUNTING POSITION: Any : -
POLARITY: Cathode band C | 0559 Nominal
All dimensions in mm
Maximum Ratings and Electrical Characteristics
Rating at 25°C ambient temperature unless otherwise specified.
Single phase, half wave, 60Hz, resistive or inductive load.
Characteristic Symbol | DL4001 | DL4002 | DL4003 | DL4004 | DL4005 | DL4006 | DL4007 | Unit
Maximum Recurrent Peak Reverse Voltage VRRM 50 100 200 400 600 800 1000 \"
Maximum RMS Voltage VRsM 35 70 140 280 420 560 700 \Y
Maximum DC Blocking Voltage Vbe 50 100 200 400 600 800 1000 \"
Maximum Average Forward Rectified | 1.0 A
Current @ Terminal Temp (T 1) = 75°C (Av) .
Peak Forward Surge Current 8.3ms single half sine-wave | 30 A
superimposed on rated load (JEDEC Method) FSM
Maximum Forward Voltage at 1.0A VE 1.1 \Y
Maximum dc Reverse Current at Ta= 25°C | 5.0 UA
Rated dc Blocking Voltage Ta = 100°C R 50 HA
Typical Thermal Resistance (Note 1) Rqua 50 °C/W
Typical Junction Capacitance (Note 2) Cy 15 pF
Storage and Operating Temperature Range TLJT’G -65to +175 °C

NOTE: 1. Thermal resistance from junction to ambient.
2. Measured at 1TMHz and applied reverse voltage of 4.0 volts.

Diodes Inc 3050 East Hillcrest Drive, = Westlake Village, CA 91362-3154  Tel: (805) 446-4800 Fax: (805) 446-4850
DL4001 - DL4007 Page 1 of 2

To order/reorder this document please request Data Sheet DL4001 Rev. B 5/8/96 or Data Sheet DL4001 (Current Revision).
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AVERAGE OQUTPUT CURRENT (AMPERES)
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CAPACITANCE (pF)

REVERSE VOLTAGE (VOLTS)
Fig. 3 Typical Junction Capacitance

Diodes Inc 3050 East Hillcrest Drive,
DL4001 - DL4007

To order/reorder this document please request Data Sheet DL4001 Rev. B 5/8/96 or Data Sheet DL4001 (Current Revision).

Westlake Village, CA 91362-3154
Page 2 of 2

NUMBER OF CYCLES AT 60 Hz
Fig. 4 Max Non-Repetitive Peak Fwd Surge Current
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TEMIC

Siliconix

SD211DE/SST211 Series

N-Channel Lateral DMOS FETs

SD211DE SST211
SD213DE SST213
SD215DE SST215
Product Summary
Part Number | V(gRr)ps Min (V) VGs(th) Max V) rps(on) Max (Q) Cyss Max (pF) | ton Max (ns)
SD211DE 30 1.5 45 @ Vgs =10V 0.5 2
SD213DE 10 1.5 45 @ Vgs =10V 0.5 2
SD215DE 20 1.5 45 @ Vgs =10V 0.5 2
SST211 30 1.5 50@Vgs =10V 0.5 2
SST213 10 1.5 50@Vgs =10V 0.5 2
SST215 20 1.5 50 @ Vgs =10V 0.5 2
For applications information see AN301, page 33.
Features Benefits Applications
e Ultra-High Speed Switching—ton: 1 ns e High Speed System Performance ® Fast Analog Switch
e Ultra-Low Reverse Capacitance: 0.2 pF ® Low Insertion Loss at High Frequencies ® Fast Sample-and-Holds
® Low Guaranteed rps @ 5 V ® Low Transfer Signal Loss ® Pixel-Rate Switching
® Low Turn-On Threshold Voltage e Simple Driver Requirement ® DAC Deglitchers
® N-Channel Enhancement Mode ® Single Supply Operation ® High-Speed Driver

Description

The SD211DE/SST211 series consists of enhancement-
mode MOSFETs designed for high speed low-glitch
switching in audio, video, and high-frequency applications.
The SD211 may be used for +5-V analog switching or as
a high speed driver of the SD214. The SD214 is normally
used for +10-V analog switching. These MOSFETS utilize
lateral construction to achieve low capacitance and

TO-206AF
(TO-72)
S Substrate
(Case)
D G
Top View

SD211DE, SD213DE, SD215DE
P-37407—Rev. E (07/04/94)

ultra-fast switching speeds. An integrated Zener diode
provides ESD protection. These devices feature a
poly-silicon gate for manufacturing reliability.

For similar products see: quad array—SD5000/5400
series and non-Zener protection—SD210DE/214DE.

TO-253
(SOT-143)

SUBSTRATE E_FTE G
I

s A »

Top View

SST211 (D1)*, SST213 (D3)*, SST215 (D5)*

*Marking Code for TO-253



TEMIC
SD211DE/SST211 Series Siliconix

Absolute Maximum Ratings (Tp = 25°C Unless Otherwise Noted)

Gate-Drain, Gate-Source Voltage (SD211DE/SST211) .. —30/25V Source-Substrate Voltage (SD211DE/SST211) .............. 15V
(SD213DE/SST213) .. —15/25V (SD213DE/SST213) .............. 15V
(SD215DE/SST215) .. —=25/30V (SD215DE/SST215) ............. 25V
Gate-Substrate Voltage® (SD211DE/SST211) ......... 0325V DrainCurrent ... 50 mA
(SD213DE/SST213) ......... -0.3/25V L )
(SD215DE/SST215) ......... 0330V Lead Temperature (*/1¢” from case for 10 seconds) ......... 300°C
Drain-Source Voltage (SD211DE/SST211) ............. 30V Storage Temperature .............ccoovviinnn.... —65 to 150°C
(SD213DE/SST213) .............. 10V Operating Junction Temperature .................. —55t0125°C
(SD215DE/SST215) .............. 20V e
. Power Dissipation® ......... ... ... .. i 300 mW
Source-Drain Voltage (SD211DE/SST211) ............. 10V
(SD213DE/SST213) .............. 10V
(SD215DE/SST215) .............. 20V
Drain-Substrate Voltage (SD211DE/SST211) .............. 30V
(SD213DE/SST213) ...t 15V Notes:
(SD215DE/SST215) .............. 25V a. Derate 3 mW/°C above 25°C
Specifications?
Limits
211 Series 213 Series 215 Series
Parameter Symbol® Test ConditionsP Typ¢ | Min | Max | Min | Max | Min | Max | Unit
Static
Drain-Source v S Vgs = Vps =0V, Ip = 10 yA 35 30
Breakdown Voltage (BRI Ves=Ves= —5V.Ip=10nA | 30 | 10 10 20
Source-Drain
Brz:lakdown Voltage V(BR)SD Vgp = Vep = =5V, Ig = 10 nA 22 10 10 20
v
Drain-Substrate Vg =0V, Ip =10nA,
Breakdown Voltage V(BR)DBO Source Open 3 15 15 %
Source-Substrate Vg =0V, Is =10 uA,
Breakdown Voltage VBRr)SBO Drain Open 3 15 15 %
Vps=10V | 04 10 10
Drain-Source Leakage IDs(of Vgs=Vps=-5V
& (off) Vps =20V | 0.9 10
Vsp=10V | 05 10 10 nA
Source-Drain Leakage IsD(off Vep=VeD=-5V
& (off) Vep =20V | 1 10
Gate Leakage IgBs VpB = Vs =0V, Vg = 30V 0.01 100 100 100
Vps = Vgs, Ip = 1 uA
Threshold Voltage Vas(th) DS Vs§S= (?V u 08 [05 | 15 o1 ] 15 o1 ]| 15 \Y%
Vgs =5V
(SD Series) 58 70 70 70
Vgs =5V
(SST Series) 60 » 75 &
Vgs =10V
. 38 45 45 45
Drain-Source Vs =0V (SD Series) o
On-Resistance DS(on) Ip=1mA v 0V
GS =
(SST Series) 40 50 50 50
Vgs =15V 30
Vgs =20V 26
Vgs =25V 24

2 P-37407—Rev. E (07/04/94)



TEMIC

SD211DE/SST211 Series

Siliconix
Specifications?
Limits
211 Series 213 Series 215 Series
Parameter Symbol® Test ConditionsP Typ¢ | Min | Max | Min | Max | Min | Max | Unit
Dynamic
v 10V SD Series 11 10 10 10
f DS =
%’afr‘:’siro‘i ductance s Vsp =0V SST Series | 105 | 9 9 9 mS
Ip =20mA, f=1kHz
Eos All 0.9
Gate Node
Capacitance C(GS+GD+GB) 2.5 3.5 3.5 3.5
Drain Node SD Series
Capacitance C(GD+DB) Vps = 10V 1.1 1.5 1.5 1.5
f=1MHz pF
Source Node C Vgs=Vps=-15V 3.7 33 35 33
Capacitance (GS+SB) SST Series 4.2
Reverse Transfer .
Capacitance Crgs SD Series 0.2 0.5 0.5 0.5
Switching
td(on) 0.5 1 1 1
Turn-On Time .
tr SD Series Only 0.6 1 1 1
Vsg=0V,ViN0to5V,Rg=25Q ns
t Vpp =5V, R = 680 Q 2
Turn-Off Time d(ofh) bpb L
tt 6
Notes:
a. Ta = 25°C unless otherwise noted. DMCBA

b. Bis the body (substrate), and (BR) is breakdown.
c. Typical values are for DESIGN AID ONLY, not guaranteed nor subject to production testing.

P-37407—Rev. E (07/04/94)



TEMIC
SD211DE/SST211 Series

Siliconix
Typical Characteristics
On-Resistance vs. Gate-Source Voltage 10nA Leakage Current vs. Applied Voltage
—_ nA £ T T T T T T 3
S 300 / = Ip(ofh @ Vgs=Vpg =-S5V -
8 —  Is(off) @ Vgp = VBp = =5V .
g — Ispo @ Vg = 0V, Drain Open ]
=z - 1nA -
Z 240 Vgs =4V g L /’E
a7 — / / —
& - 1 T _~T _—T -
IS 2 B S @,/ LT ]
5 180 7 g 4 P Y
2 / % 100pA [ > =
2 7 3 = —1_~— 3
R / =~ ~ IsBoO Ip(off) .
g 120 7 sy T 7
& P . P ~
0 e le— T 10pA 5
2 = 0V = =
3 B IGss (Diode) =
T 1pA 1 |
0 4 8 12 16 20 0 4 8 12 16 20
Vsp — Body-Source Voltage (V) Applied Voltage (V)
Common-Source Forward Transconductance
On-Resistance vs. Temperature 20 vs. Drain Current
~ 00 1T T ] _ T
g | Ip=5mA,Vs=0V 2 — Vps =15V
5 I E Vps =0V
S 80 -~ 8 16
~ E _
~ VGS=5V// é Ty = 55°C _/
g 60 Iy 12 25°C
CSD /A; 0V o é //’ —
= ” 15V S L
[ N - =
'g 7 ~— ﬁ 0V g // 4/’
S o / / o
A —— — = A 125°C
[ 20 = I 4
g = 8
=]
0 0
—-60 =20 20 60 100 140 1 10 100
Ta — Temperature (°C) Ip — Drain Current (mA)
< Threshold Voltage vs. Temperature L0 Output Conductance vs. Drain Current
< T T 1 ' o
E" | Vgs = Vps = V1H | Vps=0V //
= Ip =1pA 7 f=1kHz
sy A EY // ,/
=]
E g Vps =5 VA '/
7] < y
2 g ///
= 3 2 06 /
= Vis = —10V g //
3 10V /
5 f O 4r
3 2 |_5 VI 2 04 /'
Q j=3
= _ -05V o S
o) 1V Y | 7 /
o : 02 15 v
g e 7
z 0V 1/
> | -
0 0
—60 -20 20 60 100 140 0 4 8 12 16 20
Ta — Temperature (°C) Ip — Drain Current (mA)
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TEMIC

Siliconix

SD211DE/SST211 Series

Typical Characteristics (Cont’d)

s Threshold Voltage vs. Substrate-Source Voltage 100 Leakage Current vs. Temperature
[ | | | | I I I I I I I I I
& LI @Vgs=Vps=-5V,Vps =10V —
& - = = D(off) GS BS , VDs
E [os T RS TV " Isgoi @ Vo = Vep = =5V, Vsp = 10V
= =
z 4 |- Tp =25°C - Igss @ Vgs =10V //
S - Ispp @ Vggp =10V Ve
< Drain Open .
) 2 r / S(off)
£ H g yg
: 1A b - Z
3 / = / I
= / L —  Icss A /SBO
O ; /
— (Diode)
| 1 / ( V4 7
Z / // / /
O
0 -4 -8 -12 -16 =20 25 50 75 100 125
Vps — Body-Source Voltage (V) Tp — Temperature (°C)
10 Capacitance vs. Gate-Source Voltage 100 uA Body Leakage Current vs. Drain-Body Voltage
T T T 1 u
| Vps=10V,f=1MHz //
Vis = Vs 10pA 7
8 /)
1A /
% Ip = 13 mA/
-
§ 6 S 100 nA /
g ~
3 2 10nA
Qo
=) A N~ C(GS+SB): e //
) — - — I 1nA f
—— C(Gs+GD+GB) = // 1 mA
N I . - 100 pA
2 N ! = //
C(GD+DB) 10 pA —
CinG
0 AE 1pA é
0 4 8 12 16 20 0 4 8 12 16 20
Vs — Gate-Source Voltage (V) Vps (V)
Input Admittance Forward Admittance
100 T 100 :
E Vps =10V - Vps=10V
- Ip=10mA F Ip = 10mA
L T, =25°C L Ty =25°C
L
- 8f; -
. — == 10 - —
—~ /" —
UE) bis '/' (,’a’ »
~ —— / ~ ,/
1 ,// 1 /
7 - II’
v d /4 —bgs
8is
/
/ d
0.1 0.1 /
100 200 500 1000 100 200 500 1000
f — Frequency (MHz) f — Frequency (MHz)
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TEMIC
SD211DE/SST211 Series

Siliconix
Typical Characteristics
Reverse Admittance Output Admittance
1 , , 100 :
— Vps =10V ?' = E Vps =10V
— Ip = 10mA C Ip = 10mA
— Ta = 25°C e - Ta = 25°C
A /,b A
— IS
0.1 10
I” ||
& V4 7n _
g 7 toe £ —
bog /
—Erg / — ~—
0.01 f 1 —
\ E 8og
| W ——
||
\/
0.001 v 0.1
100 200 500 1000 100 200 500 1000
f — Frequency (MHz) f — Frequency (MHz)
Switching Characteristics Output Characteristics
700 30 T
Ve | Vps=0V
600 yd Ty = 25°C
// ~ 40
500 é
/ =
/ = Vgs=5V
= 400 g 3
& 300 v £ / 4v
/ n /4
200 ! 7
/ a 3V
/ 10 / i
100 V4 #/ 2y
a |
0 0
0 1 2 3 4 5 6 7 0 4 8 12 16 20
tr — Fall Time (ns) Vps — Drain-Source Voltage (V)
Switching Time Test Circuit
To
Scope +VpDp
$5V ———— —
VIN 50%
510Q RL Vour
To Scope ov
tq td(of
— Input pulse: tq, t; < 1 ns (on) (off)
VIN [ Pulse width: 100 ns
e} — Rep rate: 1 MHz +Vpp —m 507
(2
Sampling Scope Vour 50%
51Q 10%
- o 7
ty < 360 ps 0V —————— -
Ry =1 MQ —_— t |[— — {f [—
Cin=2pF
BW = 500 MHz
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Searchable Features:
# of Positions 24
Mating Type Receptacle Assembly
Connector Type Free-Board (Receptacle)
Module Type Signal
PCB Mount Angle Right Angle
Post Length 115 [2.92] in. [mm]
Post Type Solder Post
Shunted No

Other Properties:

Dim. A 468 [11.88] in. [mm]
Dim. B .394 [10.00] in. [mm]
Centerline Spacing .079 [2.00] x .079 [2.00] in. [mm(]
Contact Material Phosphor Bronze
Contact Mating Area Plating|Gold Flash over Palladium-Nickel
Solder Tail Plating Tin-Lead
Housing Material Liquid Crystal Polymer (LCP)
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Panasonic Thick Film Chip Resistors, ERJ

Thick Film Chip Resistors
Type ERJ

ERJ, 2G, 3G, 6G, 8G, 14, 12, 1W '. Q

B Features

* Small size and lightweight

For PCB size reduction and lightweight products
« High reliability

Metal glaze thick film resistive element and three layers of

electrodes result in high reliability
* Matching with placement machine

Bulk, taping, and bulk case packagings for automatic placement machine
« Solderability

Suitable for both reflow soldering and flow soldering
« High power

One rank up approval of power rating is available for 3G, 6G, 8G type
* Approved under the ISO-9001 system

Conforming to: IEC115-8, JIS C225

B Explanation of Part Numbers

1 2 3 4 5 6 7 8 9 10 1 12
E][rR] 9] 1] [o] [2] ||

Product Code Power Rating Marking Resistance Tolerance Nominal Resistance Value Packaging

Thick Film 2GE 1/16W Y  Value Marking J 5% The first two digits are significant V  Std. taped and reel
Resistor Networks 3GS 1/16W on black side K +10% figures of resistance value and the U Plastic embossed
6GE 1/10W Nil  No marking * 0 Jumper third (;nleI depotes the number of tape and reel
zeros following. Jumper is ex-

8GE 1/8W pressed by ROO. B Bulk ca.se
14 1w X 2mmpitch T. and R.
12 1w (Only 2G, 3G type)
w 1w

* When omitted, the remainding part numbers shall be moved up respectively.

B Construction ® Dimensions in mm (not to scale)

Protective coating

Termination (Inner) w
High purity alumina substrate

— A
b
Dimensions et Weight
Part No. L W a b t (1000 pcs.)
Termination (Between) ERJ2GE | 1.00*°® | 0.50**® | 020" | 0.25*°% | 0.35*°® | 08¢
ERI3GS | 1.60*°* | 0.80 %% | 0.30** | 0.30*°* | 0.45*" 2g
' . ERJ6GE 200 +0.20 125 +0.10 040 +0.20 040 +0.20 060 +0.10 4 g
Resistive clement Termination (Outer) ERIBG3 | 320°% | 16032 | 05027 [ 05027 [ 060°° | 10g
ERJ14 320 +0.20 250 +0.10 050 +0.20 050 +0.20 060 +0.10 16 g
ERJ12 450 +0.20 320 +0.10 050 +0.20 050 +0.20 060 +0.10 27 g
ERJlW 640 +0.20 320 +0.10 065 +0.20 130 +0.20 110 +0.10 79 g

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

T:II\.«II\ :_I:III C: II'J RCQIOtUIO, ERJ
B Ratings
) ) Maximum ) Resistance Range (Q) Standard
Power Rating Maximum Overloag Resistance T.C.R. Resistance
at 70°C RCWV* Voltage Tolerance min. max. (ppm/°C) Values
ERJ2G 1/16W 50V 100V 15 1.0 22M E-24
ERJ3G 1/16W 50V 100v 15 1.0 10 M <10Q E-24
(2/20w)* -100 to E-12
ERJ6G 1/10W 150V 200V 15 1.0 10 M 600 E-24
(1/8W)* 150V 200V +10 0.47 10 M E-12
ERJ8G 1/8W 200V 400V 5 1.0 10 M 100Q to E-24
(1/4w)* +10 0.39 10 M 1MQ E-12
ERJ14 1/4W 200V 400V 5 1.0 10 M +200 E-24
+10 1.0 1.0M E-12
ERJ12 12w 200V 400V 5 1.0 10 M 1IMQ< E-24
+10 1.0 1.0M —400 to E-12
ERJIW 1w 250V 500V 5 10 1.0M +150 E-24
+10 1.0 1.0M E-12
Rated Current Max. Overload Current
Jumper 2G = 3G 1.0A 2A
6Ge 8Cel14e12 2.0A 4A

1w 2.5A 5A

* Rated Continuous Working Voltage (RCWV) shall be determined from RCWV = V Power Rating x Resistance Value, or max. RCWV listed above, whichever less.
 Available for reduction of load of pulse characteristics (RCWV x 2.5 RCW x 2.0, R=1.1 kQ)

® Available for 1% or +2% of resistance tolerance.

4 Short-time Overload Test Voltage (SOTV) shall be determined from SOTV + 2.5 x Power Rating or max. Overload Voltage listed above whichever less.

Power Derating Curve 100 70°C
For resistors operated in ambient temperature above 70°C, !
power rating shall be derated in accordance with the figure s ®
to the right. Ej 60 \
! \
3 40 |
-l \
20 -
! \ 125°C
‘ N

0
—60; —40° -20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180°

-55°C Ambient Temperature (°C)
® Packing Methods
Paper Taping Embossed Taping

Type Thickness (4mm pitch) (4mm pitch) Bulk Case
ERJ2G 0.35 10,000 (2mm pitch) 50,000 pcs./case
ERJ3G 0.45 10,000 (2mm pitch)* 25,000 pes./case

5,000, 10,000%, 20,000*
ERJ6G 0.60 5,000, 10,000%, 20,000* 10,000 pcs./case
ERJ8G 0.60 5,000, 10,000*, 20,000*
ERJ14 0.60 5,000 pes./reel
ERJ12 0.60 5,000 pcs./reel (4mm pitch)
ERJIW 1.10 3,000 pes./reel (4mm pitch)

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Thick Film Chip Resistors, ERJ

B Packaging Methods (cont’d)

Taping Reel

Embossed Taping

Feeding hole

Chip pocket

A AN A |
Y, D

L el
7] hi

® 1] %]
— J ; Pyl Py Tape running direction
Chip component
U U Dimensions
Type A B w F E P 1
=W | 14 280 +0.05 3.50i0.20 8.00i0.30 3.50i0 05 4.0010.10
0, 0. 010 +0.
_ _ 12 |3.50 2% | 48027 109 | 5 5ge 175 8.00:"%
DImenSlOﬂS 1W 360 +0.20 6.9010.20 8.00t0.20
@A @B qC w T Type | P, Po @Do t @01
2G, 3G, 66, 14 o 100
8G, 14 w . o 100 120 12 2 0022 4,001 1,500 1.00%
- | 180.0_30 60 min. 13.0° o 20 =] 150 m|n
Paper Taping Bulk Case
Feeding hole Chip pocket .
Do E‘ Slider
. H%&TL T 2 77 .
i 1 Flow
v Shutter
HEHE T | '
P3

T Chip component P1

P,

Tape running direction
Dimensions
Type A B w F E
ZG 070 +0.05 1.20i0.20
3G 110 +0.10 1.9010.10
GG 1 60 — 2 40i0.20 8.00t0‘20 3.5010.05 1]75&0‘10
SG 190 +0.15 3.50i0.20
Type Py P, Po 9Dy t,
26 2.00%° 045 *°
+0.05
i 4.0010.10 2.00t0‘05 4.0010,10 1.50+O,10 )64—+
6G 0.84 *%
SG )84 +0.05

110

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Thick Film Chip Resistors, ERJ

B Safety Precautions

In the case of flow soldering, the land width must be smaller
than the Chip Resistor width to control the solder amount
properly. Generally, the land width should be chip resistor
width (W) 0.7 to 0.8 times of the width of chip resistor. In the
case of reflow soldering, solder amount can be adjusted,
therefore the land width should be set to 1.0 to 1.3 times
chip resistor width (W).

Adhesive ﬁ}‘\ Chip Resistor
=

' :
i i
i i c
i i
i i

!

O
—a—

b

Dimensions
Part No. a b c
ERJ2G 0.5t00.6 14t01.6 0.4100.6
ERJ3G 0.7t00.9 20t02.2 0.8t01.0
ERJ6G 1.0t0 1.4 321038 09t014
ERJBG 20t02.4 44105.0 12t01.8
ERJ14 20t024 44105.0 181028
ERJ12 331037 5.7t06.5 231035
ERJIW 3.6t04.0 76108.6 2.3t035

. If transient load (heavy load in a short time) like pulse is

expected to be aplied, carry out evaluation and confirma-
tion tset with the resistors actually mounted on your own
board.

When the load of more than rated power is applied under
the load condition at a steady rate, it may impair perfor-
mance and/or reliability of resistor. Never exceed the
rated power.

. Chlorine-type or other high-activity flux is not recom-

mended as the residue may affect performmance or relia-
bility of resistors.

. When soldering with soldering iron, never tough the body

of the chip resistor with the tip of the soldering iron. When
using a soldering iron with a tip at high temperature, sol-

der for a time as short as possible (three seconds or less
up to 350°C.)

. Avoid physical shock to the resistor and nipping of the

resistor with hard tool (a pair of pliers or tweezers) as it
may damage protective film or the body of resistor and
may affect resistor’s performance.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Chip Resistor Array

Chip Resistor Array

series: EXB2
EXBV
EXBS

B Features
« High density
2 resistors in 1.0mm x 1.0mm size (24V)
2 resistors in 1.6mm x 1.6mm size (V4V)
4 resistors in 3.2mm x 1.6mm size (V8V)
4 resistors in 5.08mm x 2.2mm size (S8V)
« Improvement of placement efficiency—Placement

efficiency of chip resistor array is two to four times that
of flat type chip resistor

® Explanation of Part Numbers

1

T2 3 4 5 6 7 8 9 10
||

Product Code Chip Resistor Array ~ No. of Terminals Schematics Resistance Value Resistance Tolerance Packaging
Thick Film 2 1005 array 4 4pins | V  Isolated type | The first two digits are significant G 2% Nil  Embossed taping
Resistor Networks V1608 armay 8 8pins figures of resistance value and the J +5% (Only S8 type)
S 2012amay third one de_notes the number of 0 Jumper V. Paper taping
zeros following. Jumper is -
d by R0O S 2mmypitch
Expressed by RL0. Tape and reel
Example: 222: 2.2 kQ (Only 24 type)
® Construction B Schematics—Isolated Type
Protective coating 24V, V4V V8V, S8V

Resistive element 2 resistors 4 resistors

Termination
High purity alumina substrate

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Chip Resistor Array

B Dimensions in mm (not to scale)

ay A z'gm V8V, S8V e vav T AR
3% = = =
[aa] ‘4_,
e TR
- (IR
(O]
%
(O]
E
Dimensions
Type L W T A B @ P E G
24V 1.004:0.05 0.35 +0.05 0.33 +0.05 0.33 +0.10 0.15 +0.05 0.34 +0.05 0.65 +0.10 _ 0.25 +0.05
V4V 1.60%9%
10..20 16 fgfg 0.60 010 0.60 010 0.30 015 (0.3) 0.80 010 0.45 015 0.40 015
N\ 3.20%%
S8V 50890  220%% - 070010 0801 05008 (0.5) 1.27 =010 0.70 020 0.55 015
() Reference
B Ratings
Resistance range 10Q to 1Q: E24 series Max. rated continuous 2,V 50V
1 *
Resistance tolerance 2 J +5% working voltage S 100v
Vv G: 2%, J: 5% Max. overload voltage 2,V 100V
S G: £2%, J: 5% S 200V
Number of terminals 24V 4 terminal Temperature characteristic range +200 ppm/°C
4V 4terminal Operating temperature range -55°C to 125°C
8V 8terminal Storage temperature range —55°C to 125°C
Number of resistors 2,V 2resistors Jumper Array: Rated current 1A, (24, 8V, 4V)
8V 4 resistors 2A (S8)
Power rating at 70°C 2,V 1/16 wl element Jumper Array: Max. overload current  2A (24, 8V, 4V)
S 1/10 w/ element 4A (S8)

* Rated Continuous Working Voltage (RCWV) shall be determined from RCWV = \/Power Rating x Resistance Value, or max. RCWV listed above, whichever is less.
** Short-time Overload Test voltage (SOTV) shall be determined from SOTV = 2.5 x Power Rating or max. Overload Voltage listed above, whichever less.

Power Derating Curve 100 70°C
For resistors operated in ambient temperature above 70°C, !
power rating shall be derated in accordance with the right figure. R
3 al
§ 2 i \\
g \
| \ 125°C
oL N
—60° —40° -20° 0° 20° 40° 60° 80° 100° 120° 140° 160° 180°
-55°C Ambient Temperature (°C)
® Packaging Methods—Standard Quantity
Type Thickness Weight/1000 pcs. Paper Taping Embossed Taping
EXB2 0.35+0.05mm 129 10,000 pcs./reel —
EXBV 0.6+ 0.Imm V4:5G  V8:10g 5,000 pes./reel —
EXBS 0.7+0.1mm 309 — 2,500 pcs./reel

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Chip Resistor Array

Paper Taping Reel Paper Taping
<i. Feeding hole Chip pocket
o B ¢
o I O S N2 N N S N [
H VYA Y Yy
R o o
= CNEEE
- =3 ﬂ Chip component PPl P
==l v Tape running direction
Dimensions
U U Type QA @B W F E
W 24V | 1.20%% 1.20%°%
> VAV 1.95 91 1,952 8.0020% 3.500% 17590
Dimensions vev | 200 % | 3607
Type A @B qC W T Type P P, @, t, @,
2 24V 200 +0.10 0'45i0 05
180 0 0 60 0 min 13 0 +1.0 V4V 1o 2.00:0,05 4.00i0.10 1.50+0%0 0.84t0‘05
—V Y S0 : : : 10040 | 12020 — 4.00%
: : V8V D.84  *®
Embossed Taping Reel Embossed Taping
T
I Feeding hole Chip pocket
4Do
I TR X A~ A~ AN A A |w
| & fj‘lw A ZIW YO YL
i SR R R
s %\}I_I it it gy nd g i
] t Chip component P1 [P2| Pg o
- Tape running direction
w - -
-~ Dimensions
Type A B W F E P
Dimensions S8V | 2.80%% | 5702 | 12.000%®| 5.50%°% 1,750 | 4,00t
Type A ¢ % w T Type P P, @Dy t, @,
S 1800 %, | 50.0min. | 130%° | 140%° | 20.5max. S8V | 400%° | 200°° | 150°° | 1.60max. | 150°¥
B Safety Precautions
1. Lanq pattern design. .Rgcommendable Ianq pattern NW‘W/ Solder resist
design for Network chip is as shown at the right. T e R i E e
L L : T Land

Chip resistor array

f a
Dimensions (in mm.) /

Type a b p f 8 w m N
24V 05 05 0.65 15 IR
V8V 071009 | 04t00.45 0.80 201022 A
S8V 10012 | 05t00.75 127 321038 )
p (Not to scale)

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Chip Resistor Array

B Safety Precautions (contd)

2. Component placement. Take measure against
mechanical stress during and after mounting so as not to
damage the termination and protective coating.
Misplacement of components on the land pattern may
cause solder bridge problem.

3. Soldering. Precaution and recommendations are
described below.

(a) Soldering iron. Soldering iron tip shall not touch the
protective coating of the part. Solder as quick as
possible (within three seconds) when the temperature
of the soldering iron tip is over 280°C.

(b)Reflow soldering: Recommendable reflow soldering is
shown below.

Preheating Soldering Gradual Cooling

250
200

Temperature (°C)

150 / /

100+
50 ﬁ

60 s min. 10t030s 120 s min.

(c)Flow soldering: Ask us when you use chip resistor with
flow soldering method.

4. Cleaning. Recommended cleaning method is shown
below.

Cleaning condition

Ultrasonic
Solvent Dipping Wave Washing
Isopropyl Alcohol 5 min. max. 1 min. max.

Power: 20 W/L
Frequency: 10 to 100 kHz

. If transient load (heavy load in a short time) like pulse is

expected to be applied, carry out evaluation and
confirmation test with the resistors actually mounted on
your own board. When the load of more than rated power
is applied under the load condition at steady state, it may
impair performance and/or reliability of resistor. Never
exceed the rated power.

. Chlorine-type or other high-activity flux is not

recommended as the residue may affect performance or
reliability of resistors.

. When soldering with soldering iron, never touch the body

of the chip resistor with a tip of the soldering iron. When
using a soldering iron with a tip at high temperature,
solder for a time as short as possible (three seconds or
less up to 350°C).

. Avoid physical shock to the resistor and nipping of the

resistor with a hard tool (a pair of pliers or tweezers) as it
may damage protective film or the body of resistor and
may affect resistor’'s performance.

. Do not use the product in dewy atmosphere.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



ANALOG
DEVICES

Quad 150 MHz
Rail-to-Rail Amplifier

AD8044

FEATURES
Fully Specified for +3 V, +5 V, and =5 V Supplies
Output Swings Rail to Rail
Input Voltage Range Extends 200 mV Below Ground
No Phase Reversal with Inputs 1V Beyond Supplies
Low Power of 2.75 mA/Amp
High Speed and Fast Settling on +5 V:
150 MHz -3 dB Bandwidth (G = +1)
170 V/ps Slew Rate
45 ns Settling Time to 0.1%
Good Video Specifications (R, = 150 Q, G = +2)
Gain Flatness of 0.1 dB to 12 MHz
0.06% Differential Gain Error
0.15° Differential Phase Error
Low Distortion
-58 dBc Worst Harmonic @ 5 MHz
Outstanding Load Drive Capability
Drives 50 mA 0.5 V from Supply Rails
Cap Load Drive of 45 pF

APPLICATIONS

Active Filters

Power Sensitive High Speed Systems
Video Switchers

Distribution Amplifiers

A/D Driver

Professional Cameras

CCD Imaging Systems

Ultrasound Equipment (Multichannel)

PRODUCT DESCRIPTION

The AD8044 is a quad low power, voltage feedback, high speed
amplifier designed to operate on +3 V, +5 V or £5 V supplies.
It has true single-supply capability with an input voltage range
extending 200 mV below the negative rail and within 1V of the
positive rail.

N Ve
. I

Figure 1. Output Swing: Gain=-1, Vs=+5V

CONNECTION DIAGRAM
14-Pin Plastic Mini-DIP and SOIC

N\

outal1 14] oUT D
[] 14]

SNA E@& 13] -IND
+NA [3] [12] +ND

v+[4] AD8044 [11]v-

+NB[5] [10] +incC
JINB E%@E 4INC
outs[7] [8] outc

TOP VIEW

The output voltage swing extends to within 25 mV of each rail,
providing the maximum output dynamic range. Additionally, it
features gain flatness of 0.1 dB to 12 MHz while offering differ-
ential gain and phase error of 0.05% and 0.25° on a single +5 V
supply. This makes the AD8044 ideal for video electronics such
as cameras, video switchers or any high speed portable equip-
ment. The AD8044’s low distortion and fast settling make it
ideal for active filter applications.

The AD8044 offers low power supply current of 13 mA max
and can run on a single +3 V power supply. These features are
ideally suited for portable and battery powered applications
where size and power are critical.

The wide bandwidth of 150 MHz along with 170 V/us of slew
rate on a single +5 V supply make the AD8044 useful in many
general purpose, high speed applications where dual power sup-
plies of up to £6 V and single supplies from +3 V to +12 V are
needed. The AD8044 is available in 14-pin plastic DIP and
SOIC.
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+1
Jas}
50 \
P
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O]
Q-2
N
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Figure 2. Frequency Response: Gain =+2,Vs=+5V
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AD 8044_SPEC I FI CATI 0 NS (@Ty=+25°C,Vs=+5V,R. =2 kQ to 2.5V, unless otherwise noted)

ADS8044A
Parameter Conditions Min Typ Max | Units
DYNAMIC PERFORMANCE
—3 dB Small Signal Bandwidth, Vo < 0.5 V p-p G=+1 130 150 MHz
Bandwidth for 0.1 dB Flatness G=+4+2,RL.=150Q 12 MHz
Slew Rate G=-1,Vo =2V Step 140 170 V/us
Full Power Response Vo=2Vprp 26 MHz
Settling Time to 1% G=-1,Vo =2V Step 30 ns
Settling Time to 0.1% 40 ns
NOISE/DISTORTION PERFORMANCE
Total Harmonic Distortion fc =5MHz, Vo =2V p-p, G=+2, R, =1 kQ =75 dB
Input Voltage Noise f=10KkHz 16 nV/VHz
Input Current Noise f=10KkHz 850 fANHz
Differential Gain Error (NTSC) G=+2,R.=150Q1t025V 0.04 %
Differential Phase Error (NTSC) G=4+2,R.=150Q1t025V 0.22 Degrees
Crosstalk f=5MHz, R, =1kQ,G=+2 60 dB
DC PERFORMANCE
Input Offset Voltage 1.0 4 mV
Tumn—TMmax 6.2 mV
Offset Drift 8 pv/eC
Input Bias Current 2 3.0 HA
Tamn—"Tmax 4 HA
Input Offset Current 0.2 0.6 HA
Open-Loop Gain Ry =1kQ 86 94 dB
Tryn—Twmax 90 dB
INPUT CHARACTERISTICS
Input Resistance 160 kQ
Input Capacitance 1.6 pF
Input Common-Mode Voltage Range -0.2t0 4 \%
Common-Mode Rejection Ratio Vem=0V1to35V 80 90 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing: Ry = 10 kQ 0.03 to 4.975 \%
Ry = 1kQ 0.17 t0o 4.83  0.075 to 4.91 \Y%
R.=50Q 1.4t0 3.6 0.68 to 4.1 \Y%
Output Current Tumin—Tmaxs Vour =0.5Vto4.5V 30 mA
Short Circuit Current Sourcing 50 mA
Sinking 90 mA
Capacitive Load Drive G=+2 40 pF
POWER SUPPLY
Operating Range 3 12 \%
Quiescent Current 11 13 mA
Power Supply Rejection Ratio Vg=0,+5V, 21V 72 80 dB
OPERATING TEMPERATURE RANGE -40 +85 °C
Specifications subject to change without notice.
PRELIMINARY TECHNICAL DATA -2- REV. 0



SPEC I F I CATI 0 NS (@T,=+25°C,Vs=+3V,R, =2kQ to 1.5V, unless otherwise noted)

AD8044

ADS8044A
Parameter Conditions Min Typ Max | Units
DYNAMIC PERFORMANCE
—3 dB Small Signal Bandwidth, Vo < 0.5 V p-p G=+1 120 135 MHz
Bandwidth for 0.1 dB Flatness G=+4+2,RL.=150Q 10 MHz
Slew Rate G=-1,Vo =2V Step 125 150 V/us
Full Power Response Vo=2Vprp 22 MHz
Settling Time to 1% G=-1,Vo =2V Step 35 ns
Settling Time to 0.1% 55 ns
NOISE/DISTORTION PERFORMANCE
Total Harmonic Distortion fc=5MHz, Vo =2V p-p,G=-1,R. =100 Q -54 dB
Input Voltage Noise f=10KkHz 16 nV/VHz
Input Current Noise f=10KkHz 600 fANHz
Differential Gain Error (NTSC) G=+2,R . =150Qt0 1.5V, Input Vey = 0.5V 0.13 %
Differential Phase Error (NTSC) G=+2,R . =150Qt0 1.5V, Input Vey = 0.5V 0.3 Degrees
Crosstalk f=5MHz 60 dB
DC PERFORMANCE
Input Offset Voltage 1.5 4 mV
Tammn-Tmax 6.2 mV
Offset Drift 8 uv/°C
Input Bias Current 2 3.5 HA
Tymn—Twmax 3.5 HA
Input Offset Current 0.2 0.6 HA
Open-Loop Gain Ry =1kQ 86 92 dB
Tymmn-Tmax 89 dB
INPUT CHARACTERISTICS
Input Resistance 160 kQ
Input Capacitance 1.6 pF
Input Common-Mode Voltage Range —0.2t0 2 \Y%
Common-Mode Rejection Ratio Vem=0Vtol5V 76 90 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing: Ry = 10 kQ 0.025 t0 2.98 \%
Ry = 1kQ 0.15 to 2.85 0.06 to 2.93 \Y%
R.=50Q 1.0t02.0 04t02.4 \Y%
Output Current Tumn—Tmaxs Vour=0.5Vto 2.5V 25 mA
Short Circuit Current Sourcing 35 mA
Sinking 50 mA
Capacitive Load Drive G=+2 35 pF
POWER SUPPLY
Operating Range 3 12 v
Quiescent Current 10.5 12.2 |mA
Power Supply Rejection Ratio Vg=0,+3V,£05V 72 80 dB
OPERATING TEMPERATURE RANGE 0 +70 °C

Specifications subject to change without notice.

REV. 0
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ADBU44_SPEC I FI CATI 0 NS (@T,=+25°C,Vg=£5V,R, =2kQ to 0V, unless otherwise noted)

ADS8044A
Parameter Conditions Min Typ Max | Units
DYNAMIC PERFORMANCE
—3 dB Small Signal Bandwidth, Vo <0.5Vpp | G=+1 140 160 MHz
Bandwidth for 0.1 dB Flatness G=+2,R.=150Q 15 MHz
Slew Rate G=-1,Vo =2V Step 150 190 V/ps
Full Power Response Vo=2Vprp 29 MHz
Settling Time to 0.1% G=-1,Vo =2V Step 30 ns
Settling Time to 0.01% 40 ns
NOISE/DISTORTION PERFORMANCE
Total Harmonic Distortion fc=5MHz, Vo =2V pp,G=+2, R, =1 kQ =77 dB
Input Voltage Noise f=10KkHz 16 nV/VHz
Input Current Noise f=10KkHz 900 fANHz
Differential Gain Error NTSC) G=+2,R. =150Q 0.06 %
Differential Phase Error (NTSC) G=+4+2,R.=150Q 0.15 Degrees
Crosstalk f=5 MHz 60 dB
DC PERFORMANCE
Input Offset Voltage 1.4 4.5 mV
Tym—T max 6.8 mV
Offset Drift 10 uv/eC
Input Bias Current 2 3.5 HA
Tumn—Twmax 35 HA
Input Offset Current 0.2 0.6 HA
Open-Loop Gain R; = 1kQ 90 96 dB
Tym—T max 95 dB
INPUT CHARACTERISTICS
Input Resistance 160 kQ
Input Capacitance 1.6 pF
Input Common-Mode Voltage Range —5.2t04 A%
Common-Mode Rejection Ratio VemM=-5Vt035V 76 90 dB
OUTPUT CHARACTERISTICS
Output Voltage Swing: Ry, = 10 kQ -4.97 to +4.97 A%
Ry =1kQ -4.75t0 +4.75  —4.85 to +4.85 A%
R, . =50Q -1.5t0 +1.5 -2.5t0 +2.5 A%
Output Current Tumn—Twmaxs Vour =-4.5V to +4.5V 30 mA
Short Circuit Current Sourcing 60 mA
Sinking 110 mA
Capacitive Load Drive G=+2 40 pF
POWER SUPPLY
Operating Range 3 12 A%
Quiescent Current 11.5 13.5 mA
Power Supply Rejection Ratio Vsg=-5,+5V, 21V 72 80 dB
OPERATING TEMPERATURE RANGE -40 +85 °C
Specifications subject to change without notice.
PRELIMINARY TECHNICAL DATA —4- REV. 0



AD8044

ABSOLUTE MAXIMUM RATINGS!
Supply Voltage . . ....... ..o, +12.6 V
Internal Power Dissipation®

Plastic Package (N) 1.6 Watts

Small Outline Package (R) .................. 1.0 Watts
Input Voltage (Common Mode) .................... Vs
Differential Input Voltage ...................... 3.4V
Output Short Circuit Duration

...................... Observe Power Derating Curves

Storage Temperature Range N, R) ....... —65°C to +125°C
Lead Temperature Range (Soldering 10 sec) ........ +300°C
NOTES

!Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the
operational section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.
2Specification is for the device in free air:

14-Pin Plastic Package: 8j4 = 75°C/Watt

14-Pin SOIC Package: 8j, = 120°C/Watt.

ORDERING GUIDE

Supply | Temperature |Package
Model Voltage | Range Description
AD8044AN +5,+5 |-40°C to +85°C | 14-Pin Plastic DIP (N-14)
AD8044AN +3 0°C to +70°C | 14-Pin Plastic DIP (N-14)
AD8044AR +5,+5 |-40°C to +85°C | 14-Pin Plastic SOIC (R-14)
AD8044AR +3 0°C to +70°C | 14-Pin Plastic SOIC (R-14)
AD8044AR-REEL REEL-SOIC (R-14)

CAUTION

MAXIMUM POWER DISSIPATION

The maximum power that can be safely dissipated by the
AD8044 is limited by the associated rise in junction tempera-
ture. The maximum safe junction temperature for plastic encap-
sulated devices is determined by the glass transition temperature
of the plastic, approximately +150°C. Exceeding this limit
temporarily may cause a shift in parametric performance due to
a change in the stresses exerted on the die by the package.
Exceeding a junction temperature of +175°C for an extended
period can result in device failure.

While the AD8044 is internally short circuit protected, this may
not be sufficient to guarantee that the maximum junction tem-
perature (+150°C) is not exceeded under all conditions. To
ensure proper operation, it is necessary to observe the maximum
power derating curves.

25
I I

I
\ Ty = +150°C
N

/

\ 14-PIN DIP PACKAGE

N N
N

7\\\ N

14-PIN SOIC ~ \\

N

\\\ N

N

MAXIMUM POWER DISSIPATION — Watts
P P
o 2l

N~

0.5
-50 40 -30-20 -10 0O 10 20 30 40 50 60 70 80 90
AMBIENT TEMPERATURE - °C

Figure 3. Maximum Power Dissipation vs. Temperature

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the AD8044 features proprietary ESD protection circuitry, permanent damage may
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD
precautions are recommended to avoid performance degradation or loss of functionality.

[y

ESD SENSITIVE DEVICE

REV. 0 _5_
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AD8044—Typical Performance Characteristics
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Overdrive Recovery

Overdrive of an amplifier occurs when the output and/or input
range are exceeded. The amplifier must recover from this over-
drive condition. As shown in Figure 33, the AD8044 recovers
within 50 ns from negative overdrive and within 25 ns from
positive overdrive.

Figure 33. Overdrive Recovery

Circuit Description

The AD8044 is fabricated on Analog Devices’ proprietary
eXtra-Fast Complementary Bipolar (XFCB) process which en-
ables the construction of PNP and NPN transistors with similar
frs in the 2 GHz-4 GHz region. The process is dielectrically iso-
lated to eliminate the parasitic and latch-up problems caused by
junction isolation. These features allow the construction of high
frequency, low distortion amplifiers with low supply currents.
This design uses a differential output input stage to maximize
bandwidth and headroom (see Figure 34). The smaller signal
swings required on the first stage outputs (nodes S1P, SIN)
reduce the effect of nonlinear currents due to junction
capacitances and improve the distortion performance. With this
design harmonic distortion of better than -85 dB @ 1 MHz into
100 Q with Voyt = 2 V p-p (Gain = +2) on a single 5 volt sup-
ply is achieved.

The AD8044’s rail to rail output range is provided by a comple-
mentary common-emitter output stage. High output drive capa-
bility is provided by injecting all output stage predriver currents
directly into the bases of the output devices Q8 and Q36. Bias-
ing of Q8 and Q36 is accomplished by I8 and I5, along with a
common-mode feedback loop (not shown). This circuit topol-
ogy allows the AD8044 to drive 50 mA of output current with
the outputs within 0.5 V of the supply rails.

On the input side, the device can handle voltages from —0.2 V
below the negative rail to within 1.2 V of the positive rail. Ex-
ceeding these values will not cause phase reversal; however, the
input ESD devices will begin to conduct if the input voltages ex-
ceed the rails by greater than 0.5 V.

REV. 0
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Output Impedance and Capacitance Drive

The AD8044’s common-emitter output stage is very different
than a typical emitter follower topology. Nonetheless, the
amplifier’s output impedance behaves the same way as tradi-
tional designs in a typical feedback application. The 110 dB
loop gain reduces it to less than 0.1 Q at low frequencies. At
higher frequencies, the output impedance rises as the loop gain
of the circuit drops (Figure 18). The output impedance eventu-
ally becomes capacitive due to integrator transistors C3 and C9.

Capacitive loads interact with the circuit output impedance to
create an extra delay in the feedback path. This reduces circuit
stability, and can cause unwanted ringing and oscillation. A
given value of capacitance causes much less of an effect when
the amplifier is used in a higher noise gain. This is illustrated in
Figure 25, which plots the percent overshoot of the amplifier’s
step response when used in gains of +1, +2 and +3.

If greater phase margin is desired, a small resistor in series with
the output can be used to isolate the loop from the effect of the
load capacitance. Figure 25 shows the effect of this strategy with
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Figure 34. AD8044 Simplified Schematic
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Figure 35. Small Signal Schematic
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APPLICATIONS

RGB Buffer

The AD8044 can provide buffering of RGB signals that include
ground while operating from a single +3 V or +5 V supply.

When driving two monitors from the same RGB video source it
is necessary to provide an additional driver for one of the moni-
tors to prevent the double termination situation that the second
monitor presents. This has usually required a dual supply op
amp, because the level of the input signal from the video driver
goes all the way to ground during horizontal blanking. In single
supply systems it can be a major inconvenience and expense to
add an additional negative supply.

A single AD8044 can provide the necessary drive capability and
yet does not require a negative supply in this application. Figure
?? is a schematic that uses three amplifiers out of a single
AD8044 to provide buffering for a second monitor.

The source of the RGB signals is shown to be from a set of three
current output DACs that are within a single supply graphics
IC. This is typically the situation in most PCs and workstations
which might use either a stand-alone triple DAC or the DACs
could be integrated into a larger graphics chip.

During horizontal blanking, the current output from the DACs
is turned off and the RGB outputs are pulled to ground by the
termination resistors. If voltage sources were used for the RGB
signals, then the termination resistors near the graphics IC
would be in series and the rest of the circuit would remain the
same. This is because a voltage source is an ac short circuit, so a
series resistor is required to make the drive end of the line see
75 Q to ac ground. On the other hand, a current source has a
very high output impedance, so a shunt resistor is required to
make the drive end of the line see 75 Q to ground. In either
case, the monitor terminates its end of the line with 75 Q.

The circuit of Figure 36 shows minimum signal degradation
when using a single supply for the AD8044. The circuit per-
forms equally well on either a +3 V or +5 V supply.

PRELIMINARY TECHNICAL DATA
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+5V
GRAPHICS
© )
o+
75Q
B
75Q
o+ ’
L 750
<é75§1 75Q
S750 +3V OR +5V RGB
% MONITOR #1
10pF

75Q

+ %
B 7 VAVAV
6)— 75Q
1kQ

RGB
MONITOR #2

Figure 36. Single Supply RGB Video Driver

Figure 37 is an oscilloscope photo of the circuit in Figure 36
operating from a +3 V supply and driven by the Blue signal of a
color bar pattern. Note that the input and output are at ground
during the horizontal blanking interval. The RGB signals are
specified to output a maximum of 700 mV peak. The output of
the AD8044 is 1.4 V with the termination resistors providing a
divide-by-two.

Figure 37. +3 V, RGB Buffer
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HDSL Line Driver

HDSL or high-bit-rate digital subscriber line is becoming popu-
lar as a means to provide data communication at DS1 rates
(1.544 MBPS) over moderate distances via conventional tele-
phone twisted pair wires. In these systems, the transceiver at the
customer’s end is sometimes powered via the twisted pair from a
power source at the central office. It is sometimes required to
raise the dc voltage of the power source to compensate for IR
drops in long lines or lines with narrow gauge wires.

Because of this, it is highly desirable to keep the power con-
sumption of the customer’s transceiver as low as possible. One
means to realize significant power savings is to run the trans-
ceiver from a =5 V supply instead of the more conventional
+12 V. This has not

The high output swing and current drive capability of the
AD8042 make it ideally suited to this application. Figure 41
shows a circuit for the analog portion of an HDSL transceiver
using the AD8042 as the line driver.

2kQ 3kQ
ATT
= 6 2718AF
- 7 93DJ39
2320 5 . A OVour
Vin E Wy + 1/2 1 4
= AD8042
2kQ 3kQ
10 5
= 2

- 1
3], ° °
E 102 2 7

0.001pF == AD8042
= 01203
9¢ ¢
O
0.0027uF E EZkQ
L
249Q
VRrec
1/4
2xQ AD8044
0.001pF —
WF T =
Figure 38. Twisted Pair Driver
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Active Filters

Active filters at higher frequencies require wider bandwidth op
amps to work effectively. Excessive phase shift produced by
lower frequency op amps can significantly impact active filter
performance.

Figure 39 shows an example of a 2 MHz biquad bandwidth
filter that uses three op amps of an AD8044 package. Such
circuits are sometimes used in medical ultrasound systems to
lower the noise bandwidth of the analog signal before A/D

conversion.

50pF

R1
3kQ
Vi O~V

AD8044

Figure 39. 2 MHz Biquad Bandpass Filter Using AD8044

The frequency response of the circuit is shown in Figure 40.

N
J

10k 100k M 10M 100M
FREQUENCY — Hz

Figure 40. Frequency Response of 2 MHz Bandpass
Biquad Filter
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Layout Considerations

The specified high speed performance of the AD8044 requires
careful attention to board layout and component selection.
Proper RF design techniques and low-pass parasitic component
selection are necessary.

The PCB should have a ground plane covering all unused por-
tions of the component side of the board to provide a low im-
pedance path. The ground plane should be removed from the
area near the input pins to reduce the stray capacitance.

Chip capacitors should be used for the supply bypassing. One
end should be connected to the ground plane and the other
within 1/8 inch of each power pin. An additional large (0.47 pF

PRELIMINARY TECHNICAL DATA
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— 10 pF) tantalum electrolytic capacitor should be connected in
parallel, but not necessarily so close, to supply current for fast,
large signal changes at the output.

The feedback resistor should be located close to the inverting
input pin in order to keep the stray capacitance at this node to a
minimum. Capacitance variations of less than 1 pF at the in-
verting input will significantly affect high speed performance.

Stripline design techniques should be used for long signal traces
(greater than about 1 inch). These should be designed with a
characteristic impedance of 50 Q or 75 Q and be properly termi-
nated at each end.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

14-Lead Plastic DIP
(N-14)
0.795 (20.19)

0725 (18.42)
r=y 8 8 5 8 5

r=y
- 8] 0.280 (7.11)
1 ,||0220(6.10)
AR A A A 0.325 (8.25)
k 0.060 (1.52) 0.300 (7.62) 9:195 (4.95)
PIN 1 0.015 (0.38) |<_,| 0.115 (2.93)
0.210 (5.33) j
MAX g 4 R = = = = 0.130
0.160 (4.06) J_F (3.30)
—\I MIN
0115293) " Jlle o e 0.015 (0.381)
0.022 (0.558) 0.100 0.070 (1.77) SEA;'NG 0.008 (0.204)

0.014 (0.356) (2:54) 0.045 (1.15)
BSC

14-Lead SOIC

(R-14)
0.3444 (8.75)
"7 0.3367 855) |
AAAAAAEA
‘ 14 8
0.1574 (4.00) 0.2440 (6.20)
0.1497 (380) [[1 7]| 0.2284 (5.80)
INEEEER
PIN 1 0.0688 (1.75) 0.0196 (0.50) .
0.0098 (0.25) 0.0532 (1.35) .0099 (0.25) < *°

0.0040 (0.10)
Tl o
s i g
) 0.0192 (0.49 g
SEATING (1 57) 001382035; 0.0098 (0.25) * 0.0500 (1.27)
PLANE  ‘ggc : i 0.0075(0.19)  0.0160 (0.41)
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DS26C31T/DS26C31M

General Description

The DS26C31 is a quad differential line driver designed for
digital data transmission over balanced lines. The
DS26C31T meets all the requirements of EIA standard
RS-422 while retaining the low power characteristics of
CMOS. The DS26C31M is compatible with EIA standard
RS-422; however, one exception in test methodology is tak-
en (see Note 8). This enables the construction of serial and
terminal interfaces while maintaining minimal power con-
sumption.

The DS26C31 accepts TTL or CMOS input levels and trans-
lates these to RS-422 output levels. This part uses special
output circuitry that enables the drivers to power down with-
out loading down the bus. This device has enable and dis-
able circuitry common to all four drivers. The DS26C31 is
pin compatible to the AM26LS31 and the DS26LS31.

All inputs are protected against damage due to electrostatic
discharge by diodes to Vgc and ground.

&National Semiconductor

CMOS Quad TRI-STATE® Differential Line Driver

January 1996

Features

B TTL input compatible

Typical propagation delays: 6 ns

Typical output skew: 0.5 ns

Outputs will not load line when Vgg = 0V
DS26C31T meets the requirements of EIA standard
RS-422

W Operation from single 5V supply

B TRI-STATE outputs for connection to system buses
W Low quiescent current

W Available in surface mount

m Mil-Std-883C compliant

Connection Diagrams

Dual-In-Line Package

INPUT A et p—©5V
— i INPUTD
CHANNEL A
OUTPUTS| 3 14
CHANNEL D
4 13 [ ouTPUTS
ENABLE = =
5 2 ENABLE
CHANNEL B
QUTPUTS _ﬁ_ L
CHANNEL C
7 10 [ OUTPUTS
INPUT B ==y =
9
GND—B —=INPUT C
TL/F/8574-1

Top View
Order Number DS26C31TJ, DS26C31TM or DS26C31TN
See NS Package Number J16A, M16A or N16E

For Complete Military 883 Specifications,
See RETS Data Sheet

Order Number DS26C31ME/883, DS26C31MJ/883
or DS26C31MW/883
See NS Package Number E20A, J16A or W16A

TRI-STATE® is a registered trademark of National Semiconductor Corporation.
FACT™ is a of National ¢ i

20-Lead Ceramic Leadless Chip Carrier (E)

CHANNEL A
OUTPUT

C
INPUT D

N LINPUT A

]

IE Vee
o

CHANNEL A
OuTPUT CHANNEL D

QUTPUTS
ENABLE

NC

|16 NC

15| ENABLE
CHANNEL B
OUTPUTS T2 CHANNEL €
OUTPUT
o] [o] [i] [z [is]
a2 o g o og
5 o 5 o
ES z 23
= = = o
Iz
© TL/F/8574-12
Truth Table
— Non-Inverting | Invertin
ENABLE | ENABLE | Input 9 9
Output Output
L H X z V4
All other L L H
combinations of
enable inputs H H L
L = Low logic state X = Irrelevant
H = High logic state Z = TRI-STATE (high impedance)

©1996 National Semiconductor Corporation TL/F/8574

RRD-B30M36/Printed in U. S. A. http://www.national.com
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Absolute Maximum Ratings (Notes 1 & 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales

This device does not meet 2000V ESD Rating. (Note 13)

Operating Conditions

Office/Distributors for availability and specifications. Supply Volt y zné'c‘) 2"23 U':/"s
Supply Voltage (Voo) —0.5V 10 7.0V D‘é"l” y t° aget( ‘:\C/) ) : :

DC Input Voltage (Vin) —1.5VtoVgg +1.5V (VTBE)UVSLT)U put Voltage 0 Veo V
DC Output Voltage (Vout) —0.5Vio7v Operating Temperature Range (Tx)

Clamp Diode Current (l|k, lok) +20 mA DS26C31T —40 +85 °GC
DC Output Current, per pin (IoyT) +150 mA DS26C31M —55 +125 °C
DC Vg or GND Current, per pin (Icc) +150 mA Input Rise or Fall Times (t, t) 500 ns
Storage Temperature Range (TsTg) —65°Cto +150°C

Max. Power Dissipation (Pp) @25°C (Note 3)

Ceramic “J” Pkg. 2419 mW

Plastic “N” Pkg. 1736 mW

SOIC “M” Pkg. 1226 mW

Ceramic “W” Pkg. 1182 mW

Ceramic “E” Pkg. 2134 mW
Lead Temperature (T|) (Soldering, 4 sec.) 260°C
DC Electrical Characteristics Voo = 5V £10% (unless otherwise specified) (Note 4)

Symbol Parameter Conditions Min Typ Max Units
ViH High Level Input Voltage 2.0 Vv
ViL Low Level Input Voltage 0.8 Vv
VoH High Level Output Voltage ViN = VigorV, o5 3.4 v

lout = —20 mA
VoL Low Level Output VIN = Vigor V),
Voltage louT = 20 MA 03 05 v
VT Differential Output RL = 100Q
Voltage (Note 5) 20 8.1 v
V1| = VA Difference In R_ = 100Q 04 y
Differential Output (Note 5) :
Vos Common Mode RL = 100Q
Output Voltage (Note 5) 18 3.0 v
[Vos — Vos| Difference In R = 1009 04 v
Common Mode Output (Note 5) :
N Input Current VIN = Vce, GND, Vi, or Vi +1.0 RA
lcc Quiescent Supply DS26C31T VIN = Voo or GND 200 500 LA
Current (Note 6) lout = O nA ViN = 2.4V or 0.5V o5 20 A
(Note 6) ’ !
DS26C31M VIN = Vg or GND 200 500 RA
louT =0pA | —
IN = 2.4V or 0.5V
(Note 6) 0.8 2.1 mA
loz TRI-STATE Output Vout = Vgc or GND
Leakage Current ENABLE = V| +0.5 +5.0 HA
ENABLE = V|4
http://www.national.com 2




DC Electrical Characteristics voc = 5v £10% (unless otherwise specified) (Note 4) (Continued)

Symbol Parameter Conditions Min Typ Max Units
e gil:z:zlijttg:r?;tnt zll\ll’\c‘)tes\;(,:g)or onp —30 —150 mA
loFr Output Leakage Current DS26C31T Vout = 6V 100 nA
Power Off (Note 5) Voo = 0V VouT = —0.25V ~100 A
DS26C31M Vout = 6V 100 LA
Yoo = o Vour = OV ~100 A
(Note 8)

Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provide conditions for actual device operation.

Note 2: Unless otherwise specified, all voltages are referenced to ground. All currents into device pins are positive, all currents out of device pins are negative.

Note 3: Ratings apply to ambient temperature at 25°C. Above this temperature derate N package at 13.89 mW/°C, J package 16.13 mW/°C, M package
9.80 mW/°C, E package 12.20 mW/°C, and W package 6.75 mW/°C.

Note 4: Unless otherwise specified, min/max limits apply across the recommended operating temperature range. All typicals are given for Vgc = 5V and
Ta = 25°C.

Note 5: See EIA Specification RS-422 for exact test conditions.

Note 6: Measured per input. All other inputs at Vg or GND.

Note 7: This is the current sourced when a high output is shorted to ground. Only one output at a time should be shorted.

Note 8: The DS26C31M (—55°C to +125°C) is tested with VoyT between +6V and OV while RS-422A condition is +6V and —0.25V.

Switching Characteristics v = 5v +10%, t, < 6 ns, t; < 6 ns (Figures 1, 2, 3 and 4) (Note 4)

Max
Symbol Parameter Conditions Min Typ Units
DS26C31T CS26C31M

tPLH, tPHL Propagation Delays S1 Open 2 6 11 14 ns

Input to Output
Skew (Note 9) S1 Open 0.5 2.0 3.0 ns
LR, tTHL leferentla.l Output Rise S1 Open 6 10 14 ns

And Fall Times
tpzH Output Enable Time S1 Closed 11 19 22 ns
tpzL Output Enable Time S1 Closed 13 21 28 ns
tpHzZ Output Disable Time S1 Closed

(Note 10) 5 ° 12 ns
tpLz Output Disable Time S1 Closed

(Note 10) 7 11 14 ns
Cpp Power Dissipation

Capacitance (Note 11) 50 PF
CiN Input Capacitance 6 pF

Note 9: Skew is defined as the difference in propagation delays between complementary outputs at the 50% point.

Note 10: Output disable time is the delay from ENABLE or ENABLE being switched to the output transistors turning off. The actual disable times are less than
indicated due to the delay added by the RC time constant of the load.

Note 11: Cpp determines the no load dynamic power consumption, Pp = Cpp Voc2 f + Icc Voe, and the no load dynamic current consumption,

Is = Cpp Vee f + lcc.

3 http://www.national.com



Comparison Table of Switching Characteristics into “LS-Type” Load
Voo = 5V, Ta = 25°C, t, < 6 ns, t < 6 ns (Figures 2, 4, 5 and 6) (Note 12)

Symbol Parameter Conditions DS26C31T DS26LS31C Units
Typ Max Typ Max
tpLH, tPHL Propagation Delays C_ = 30pF
Input to Output S1 Closed 6 8 10 15 ns
S2 Closed
Skew (Note 9) C_ = 30pF
S1 Closed 0.5 1.0 2.0 6.0 ns
S2 Closed
tTHL tTLH Differential Output Rise C_ = 30pF
and Fall Times S1 Closed 4 6 ns
S2 Closed
tpLz Output Disable Time C_ = 10pF
(Note 10) S1 Closed 6 9 15 35 ns
S2 Open
tpHz Output Disable Time C_ = 10pF
(Note 10) S1 Open 4 7 15 25 ns
S2 Closed
tpzL Output Enable Time C_ = 30pF
S1 Closed 14 20 20 30 ns
S2 Open
tpzH Output Enable Time C_ = 30pF
S1 Open 11 17 20 30 ns
S2 Closed

Note 12: This table is provided for comparison purposes only. The values in this table for the DS26C31 reflect the performance of the device but are not tested or
guaranteed.
Note 13: ESD Rating: HBM (1.5 k€2, 100 pF)

Inputs = 1500V

Outputs > 1000V

EIAJ (09, 200 pF) > 350V

Logic Diagram

ENABLE  ENABLE INPUT D INPUT C INPUT B INPUT A

gy L]

GND vee OUTPUT  OUTPUT OUTPUT OUTPUT OUTPUT  OUTPUT OUTPUT  OUTPUT

D2 D1 c2 c1 B2 B1 A2 Al
TL/F/8574-2

http://www.national.com 4



AC Test Circuit and Switching Time Waveforms

INPUT

_Ez

<

<lwv—c/o—T
S

< R3

SR2

Note: C1 = C2 = C3 = 40 pF (Including Probe and Jig Capacitance), R1 = R2 = 50, R3 = 500().
FIGURE 1. AC Test Circuit

3.0V ——
INPUT / S
f=1MHz,t <6ns, 1.3y
ty=<6ns ’- -\
0.0v
-ty toL
OQUTPUT 1.3v
OUTPUT 1.3v
—tpHL —{tpn

TL/F/8574-4

FIGURE 2. Propagation Delays

ENABLE INPUT
f=1MHz, t, <6ns,

3.0V _x

RI.SV

ty=<6ns
0.0v
ENABLE Input High
1.5V Z
VoL H0.3V X 0.8Y
. n_
o oLz TpzL
Vou __X Z_
KVOH-O.";V 7 2.0v
1.5V
ToHZ TozH

FIGURE 3. Enable and Disable Times

3.0V
INPUT

0.0v

OUTPUT
(DIFFERENTIAL)

L

Y

TL/F/8574-7

Input pulse; f = 1 MHz, 50%; t, < 6 ns, t; < 6ns
FIGURE 4. Differential Rise and Fall Times

TL/F/8574-5

Test
Point
From Output
Under Test
e
< 750
C_ (Includes
Probe and Jig

Capacitance)

T 1

FIGURE 5. Load AC Test Circuit for “LS-Type” Load
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TL/F/8574-3

Vee

1800 |
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TL/F/8574-6
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AC Test Circuit and Switching Time Waveforms (continued)

3.0v
ENABLE INPUT 5 !
=1 MHz, t, <6ns, 1.3v
ty=<6ns R 7

0.0v
ENABLE Input High

- Z X
7 Vo 0.3V R 1.3V
VoL s

TpLZ TpZL

Vou __X
KVOH_OJV 7 1.3V
0.0V

TpHZ TpZH

TL/F/8574-8
FIGURE 6. Enable and Disable Times for “LS-Type” Load

Typical Applications

Two-Wire Balanced System, RS-422

ENABLE ENABLE
L. DATA
DATA Sk OUTPUT
1/4 DS26¢31 1/4 DS26C32A

TL/F/8574-9
*RT is optional although highly recommended to reduce reflection.
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Typical Performance Characteristics

Differential Propagation Delay
vs Temperature
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VoL ~OUTPUT LOW VOLTAGE-V

leg~SUPPLY CURRENT-mA

Output Low Voltage vs
Output Low Current
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Typical Performance Characteristics (continued)

Output Low Voltage vs
Output Low Current
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Physical Dimensions inches (millimeters)
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(1.702-2.108) (1.123-1.397)
Top View Side View v TYP
7 agex 0.040£0.010
{1.01620.250)
3PLCS
Bottom View
0.003 2.015
[0.0761 AR TYP
MIN TYP
0.022 A T
{0559 —» |« 0006
MAX TYP +——l° 152)
MIN TYP
Detail A
E20A (REV D)
20-Lead Ceramic Leadless Chip Carrier (E)
Order Number DS26C31ME/883
NS Package Number E20A
0.785
[19.94] MAX ™1
16 9
A AN DA (A ¥
0.220-0.310
[5.59-7.87]
1
r 0.025 PR LN NP RN L NP R W N |
*[0:64) ! ? 0.005-0.020
R T0.13-051] T'P
0.037£0.005
> | TYP
0.005 [0.94%0.13] ?.290—0.32]0
' | 0.055£0.005 7.37-8.13
ME%'T?]P—’ B | [ (ra0z0a3] TP |~ 6LASS SEALANT
| 0.020-0.0601yp
0.200 L [0.51-1.52] 0.180 yax o
[5.08] = s [4.57]
MAX TYP | | | T 0.01040.002 1yp
f [ 1 0,150 win Tvp [0.25 £0.05]
| | l [3.81]
0.125-0.200 ) h
TYp — + 959'% 50
[3.18-5.08] L TYP TP
0.080 —
[2.03] MAX = = 0.01840.003 0.310-0.410
10040010 91815057 v a1l = e
[2.54+0.25] 1'F

16-Lead Ceramic Dual-In-Line Package (J)
Order Number DS26C31TJ or DS26C31MJ/883
NS Package Number J16A
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Phy3|cal Dimensions inches (millimeters) (Continued)
| 0.386 —0.394
(9.804 —10.00)
1% 15 14 13 12 11 10 9
g an A
0.228-0.244 00
(5.791— 5198) TYP
LEAD NO. 1 J1 o2 3 45 6 7 8 )
IDENT 0.010 yax
{0.254)
0.150 —0.157
{3.810—3.988)
0.010-0.020 0.053 -0.069
nza—os08 < [ (1.346—1.753) 0.004 0,010
8° MAX TYP {0.102-0.254)
ALL LEADS * — 1 l
Lﬁj B ) N = —
? L ? PLANE
0.008—0.010 o014 0.050 0.014-0.020
{0203 -0.254) g:;: ?233 (0.35)  —>1 (1.270) >l «(u.aﬁmu.sna)wP
TYP ALL LEADS ‘TYP ALL LEAD; TYP
| -— TP
(D 203) M16A {REV H)
ALLLEAI] TIPS
Molded Package Small Outline (M)
Order Number DS26C31TM
NS Package Number M16A
A 0.740 - 0.780
(18.30-19.81) 0.090
{2.286)
fie] (5] fi4) (i3] [12] [1i] fiol.[o] INDEX
AREA
# 0.250£0.010
{6.350£0.254)
PIN NO. 1 PIN NO. 1
pent— U 2] [T L4151 6] 7] [8 IDENT
OPTION 01 OPTION 02 ooss
0.130£0.005 0.060 40 TYP 0.300 - 0.320
| Bawzonz) "‘ I“ 1528y TP ““\[™ opronaL 4‘ (7.620-8.128) I‘_ i
0.145-0.200 |
{3.683-5.080) {
959%5° 0.008-0.016
900 4° TYP 0.008-0016 .,
%gg) MN— —— 0.280 (0.203-0.406)
0.125 - 0.150 0.03040.015 (7.112)
(3.175-3.810) V™ {0.76220.381) MIN
0.014=0.023 0.100£0.010 (0.325+0-040
(0.35%;')0.554) 0.050£0.010 (2‘54%&254) -0.015 N16E (REV F)
{1.270£0.254) (s.zsst‘d%ﬁ)
YP ;
16-Lead Molded Dual-In-Line Package (N)
Order Number DS26C31TN
NS Package Number N16E
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DS26C31T/DS26C31M CMOS Quad TRI-STATE Differential Line Driver

Physical Dimensions inches (millimeters) (Gontinued)

0.050 —0.080 L 0:371-0.390
(1.270-2.032) {9.423-9.906)
0.004-0.006 .

(0.102—0.152)

0.007-0.018 0.050+0.005
(AT I a A ‘)‘_ a2toszn

TP —»~| |—0.000 MIN TYP
A

|
0.250—0.370
(6.350—9.398)

i y 1
A 16151413121110 9 A r
i % S 0.245-0.275
H U (6.223—6.985)
L L —r* f"‘z LR ' 0.008-0.012
DETAIL A -3 “{0.203—0.305)
L
PIN ND. 1 0.250 —0.370
e e DETAIL A
IDENT (6.350 —9.398)
Y
0.026 - 0.040 ‘J 0.015-0.019
—_— —P —_—
{0.660—1.016) e (0.381-0.482)
TYP W16A (REV H)

LIFE SUPPORT POLICY

16-Lead Ceramic Flatpak Package (W)
Order Number DS26C31MW/883
NS Package Number W16A

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

to the user.

National Semiconductor
Corporation

1111 West Bardin Road
Arlington, TX 76017

Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

o)

http://www.national.com

National Semiconductor
Europe

Fax: +49 (0) 180-530 85 86

Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 180-530 85 85
English Tel: +49 (0) 180-532 78 32
Frangais Tel: +49 (0) 180-532 93 58
Italiano  Tel: +49 (0) 180-534 16 80

National Semiconductor
Hong Kong Ltd.

18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Hong Kong

Tel: (852) 2737-1600

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2308
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.




DS26C32AT/DS26C32AM

General Description

The DS26C32A is a quad differential line receiver designed
to meet the RS-422, RS-423, and Federal Standards 1020
and 1030 for balanced and unbalanced digital data trans-
mission, while retaining the low power characteristics of
CMOS.

The DS26C32A has an input sensitivity of 200 mV over the
common mode input voltage range of £7V. The DS26C32A
features internal pull-up and pull-down resistors which pre-
vent output oscillation on unused channels.

The DS26C32A provides an enable and disable function
common to all four receivers, and features TRI-STATE®
outputs with 6 mA source and sink capability. This product is
pin compatible with the DS26LS32A and the AM26LS32.

&National Semiconductor

Quad Differential Line Receiver

January 1996

Features

m CMOS design for low power

m +0.2V sensitivity over input common mode voltage
range

Typical propagation delays: 19 ns

Typical input hysteresis: 60 mV

Inputs won’t load line when Vg = 0V

Meets the requirements of EIA standard RS-422
TRI-STATE outputs for connection to system buses
Available in Surface Mount

Mil-Std-883C compliant

Logic Diagram

ENABLE  ENABLE IND2 INDY
O

N7

INC2 INC1

INB2 INB1 INA2 IN At

o—

GND QUTPUTD

Ve

Connection Diagrams

Dual-In-Line Package

] U e
A 1 vee
INPUTSA[ ) % 5
2] AL
R

3 14

} INPUTS B
OUTPUT A

4 13
ENABLE —@ OUTPUT B
5 12

OUTPUT C L ENABLE
5 11

[Zk%_

QUTPUT D

g ] INPUTS D

8
GND =

TL/F/8764-2
Top View
Order Number DS26C32ATJ, DS26C32ATM or
DS26C32ATN
See NS Package J16A, M16A or N16E
For Complete Military 883 Specifications,
See RETS Data Sheet.
Order Number DS26C32AME/883, DS26C32AMJ/883

or DS26C32AMW/883

See NS Package E20A, J16A or W16A

TRI-STATE® is a registered trademark of National Semiconductor Corporation.

OUTPUT C

O
OUTPUT B OUTPUT A

TL/F/8764-1

20-Lead Ceramic Leadless Chip Carrier

OUTPUT A INPUT D

ENABLE OUTPUT D

NC NC

OUTPUT B ENABLE

INPUT B OUTPUT €

o] [id]
B % TL/F/8764-12
Truth Table
ENABLE | ENABLE Input Output
L H X z
All Other Vip = V1H (Max) H
Combinations of Vip < VT4 (Min) L
Enable Inputs Open H

Z = TRI-STATE

©1996 National Semiconductor Corporation TL/F/8764

RRD-B30M36/Printed in U. S. A. http://www.national.com
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Absolute Maximum Ratings (Notes 1 & 2)

If Military/Aerospace specified devices are required,
please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.
Supply Voltage (Vo)

Maximum Current Per Output
This device does not meet 2000V ESD rating. (Note 4)

v Operating Conditions

+14V

+25mA

Common Mode Range (Vcm) Min Max Units
Differential Input Voltage (Vpirr) +14V Supply Voltage (Vcg) 450 5.50 Vv
Enable Input Voltage (V|n) 4 Operating Temperature Range (Tp)
Storage Temperature Range (TsTg) —65°Cto +150°C DS26C32AT —40 +85 °C
Lead Temperature (Soldering 4 sec.) 260°C DS26C32AM —-55 +125 °C
Maximum Power Dissipation at 25°C (Note 5) Enable Input Rise or Fall Times 500 ns
Ceramic “J” Pkg. 2308 mW
Plastic “N” Pkg. 1645 mW
SOIC “M” Pkg. 1190 mW
Ceramic “E” Pkg. 2108 mW
Ceramic “W” Pkg. 1215 mwW
DC Electrical Characteristics Voo = 5V £10% (unless otherwise specified) (Note 3)
Symbol Parameter Conditions Min Typ Max Units
VTH Minimum Differential VouTt = VoH or VoL _
Input Voltage -7V <Vpom < +7V 200 35 +200 mv
RN Input Resistance ViN= —7V, +7V DS26C32AT 5.0 6.8 10 kQ
(GtherInput = GND) [ pg26G32AM 45 6.8 1 ke
N Input Current ViN = +10V, DS26C32AT +1.1 +1.5 mA
Other Input = GND DS26C32AM 1.1 118 mA
ViN = —10V, DS26C32AT —-20 —-25 mA
Other Input = GND DS26C32AM —20 | -27 mA
VoH Minimum High Level Vee = Min, Vpjpg = +1V 38 4.0 v
Output Voltage louT = —6.0mA ’ )
VoL Maximum Low Level Vee = Max, Vpjpp = —1V 0.2 0.3 Y
Output Voltage louT = 6.0 MA ’ :
ViH Minimum Enable High 20 v
Input Level Voltage ’
ViL Maximum Enable Low 0.8 Y
Input Level Voltage .
loz Maximum TRI-STATE Vout = Vcc or GND,
Output Leakage Current ENABLE =V, +0.5 +5.0 nA
ENABLE = V|4
Iy gAj:'g:lm Enable Input ViN = Vgg or GND +1.0 LA
lcc Quiescent Power Vee = Max, DS26C32AT 16 23 mA
Supply Current VoIF = 1V DS26C32AM 16 25 mA
VHysST Input Hysteresis Vem = 0V 60 mV

http://www.national.com




AC Electrical Characteristics vcc = 5v +10% (Note 3)

Max
Symbol Parameter Conditions Min Typ Units
DS26C32AT DS26C32AM

tpLH, Propagation Delay CL = 50 pF

tPHL Input to Output VpIFr = 2.5V 10 19 30 35 ns
Vom = 0V

tRISE Output Rise and CL = 50 pF

tFALL Fall Times VpIFF = 2.5V 4 9 9 ns
Vom = 0V

tpLz, Propagation Delay CL = 50 pF

tpHZ ENABLE to Output RL = 10000 13 22 29 ns

tpzL, Propagation Delay C_ = 50 pF

tpzH ENABLE to Output RL = 1000 13 23 29 ns

Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the device
should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device operation.

Note 2: Unless otherwise specified, all voltages are referenced to ground.
Note 3: Unless otherwise specified, Min/Max limits apply over recommended operating conditions. All typicals are given for Voc = 5V and Tp = 25°C.

Note 4: ESD Rating: HBM (1.5 k2, 100 pF)
Inputs >2000V
All other pins >1000V
EIAJ (09, 200 pF) =350V
Note 5: Ratings apply to ambient temperature at 25°C. Above this temperature derate N Package 13.16 mW/°C, J Package 15.38 mW/°C, M Package 9.52 mW/°C,
E Package 12.04 mW/°C, and W package 6.94 mW/°C.

Comparison Table of Switching Characteristics into “LS-Type” Load
(Figures 4, 5, and 6) (Note 6)

Symbol Parameter Conditions DS26C32A DS26LS32A Units
Typ Typ
tpLH Input to Output CL = 15pF 17 23 ns
tpHL 19 23 ns
tLz ENABLE to Output C_=5pF 13 15 ns
thz 12 20 ns
tz1 ENABLE to Output C_ = 15pF 13 14 ns
tzH 13 15 ns

Note 6: This table is provided for comparison purposes only. The values in this table for the DS26C32A reflect the performance of the device, but are not tested or
guaranteed.

3 http://www.national.com



Test and Switching Waveforms
Vee

trise | |+ = [~teaLL
\ 4
{07 0% \ OH —o0
OUTPUT 50%
10% dﬂ 10% ht VoL
V+ INPUT O—
tpLH L tPHL L DEVICE
+2.5V V= INPUTO——] UNDER
TEST
V= INPUT \ l ov
V+ INPUT =0V -
REFERENCE 28V I
TL/F/8764-3 =
FIGURE 1. Propagation Delay TL/F/8764-4
C| includes load and test jig capacitance.
S1 = V¢ for tpzL, and tp| z measurements.
= Gnd for tpzy and tpyz measurements.

Sy
FIGURE 2. Test Circuit for

TRI-STATE Output Tests

OUTPUT
CONTROL 1.3v 1.3V
GND
tpzL
............... Y/
: oH

(LOW ENABLING)

tpHz _f
—io.sv

Lz |~
OUTPUT
0.5V
tpzH
Vo
50%

TL/F/8764-5

OUTPUT

FIGURE 3. TRI-STATE Output Enable and Disable Waveforms
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AC Test Circuit and Switching Time Waveforms

TEST

v
POINT Vee oH
OUTPUT
2% I
FROM OUTPUT VoL
UNDER TEST
25V
OPPOSITE PHASE
ALL DIODES INPUT TRANSITION 2oy
C|, INCLUDES 1N916 OR -2.
PROBE AND JIG 1N3064

TL/F/8764-7
CAPACITANCE

FIGURE 5. Propagation Delay

\o—_L for “LS-Type” Load (Notes 7, 9)
S2

TL/F/8764-6

FIGURE 4. Load Test Circuit for TRI-STATE
Outputs for “LS-Type” Load

v
e Ay p
o
2L Wz
~45V —
ouTPUT o\ 0.5V
NORMALLY $2 OPEN K1Y | —{-~15v
Low 4
oL
v tzH thz i }
output O \ <=
NORMALLY — 15V
$1 0PEN
HIGH ~av—7 05V

TL/F/8764-8
FIGURE 6. Enable and Disable Times for “LS-Type” Load (Notes 8, 9)
Note 7: Diagram shown for ENABLE low.

Note 8: S1 and S2 of load circuit are closed except where shown.
Note 9: Pulse generator for all pulses: Rate < 1.0 MHz; Zg = 50; t, < 15 ns; t; < 6.0 ns.

Typical Applications

Two-Wire Balanced Systems, RS-422

ENABLE
1/4 DS26C32A
3 DATA
DATA 3 OUTPUT
11/4 DS26C31 RT

TL/F/8764-9
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Typical Performance Characteristics

Differential Propagation Delay
vs Temperature

1 tpHLD ,/
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Differential Skew vs Power
Supply Voltage
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Output Low Current

] T=85 //
R T=ZSC\/
mpZ

==40C

10

\O

AN

VoL = OUTPUT LOW VOLTAGE - V
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Hysteresis & Differential
Transition Voltage vs
Temperature
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TL/F/8764-10
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Typical Performance Characteristics (continueq)

lgc = SUPPLY CURRENT = mA

Supply Current vs
Temperature

N

™
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~
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LI R

=15 10 35 60
Ty = TEMPERATURE = C
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Supply Current vs
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Physical Dimensions inches (millimeters)
0.200:£0.005
(5.080£0.127)
hhis 450 x D.015£0.010
¥ 4‘<—> {0.3810.254)
0.350 +0.008 0.015 N
"~ (8.89020.203) _> 0.063-0.075 0.381) \~\\ 0.007-0.011
' {1.600—1.605) MIN TYP ¢ N /-0
) RTYP
0.022-0.028
S S r(o.ssg-u.nu
A=Y TYP
(1.959—2.362) ¢ —
T 55 T l
/4 0.045-0.05 } |
NN ~——~—_ (1.143-1.397) . -
/ v 0.067 -0.083 A
DETAIL A TTos 2100 | e _(:l.?jg—:?.g:;
Top View Side View e TP
4oy 0.040£0.010
{1.016%0.254)
3PLCS
Bottom View
0.015
0.003 -
T {0.381)
A MAX TYP
0.022 K T
(0559 —»| |«—— 0006
MAX TYP (0.152)
MIN TYP
Detail A
E20A (REV D)
20-Lead Ceramic Leadless Chip Carrier (E)
Order Number DS26C32AME/883
NS Package Number E20A
0.785
[19.94] MAX ———
16 ]
LA AN A A T
0.220-0.310
[5.59-7.87]
¥
0.025 PRLVIL VLY I I P L PN
R 1 8
[o-64] 0.005-0.020
R T0.13-051] P
0.037 £0.005
TYP
1 [0.9410.13] 0.290-0.320
[0601035] 4 | |« 0.05520.005 1yp [7.37-8.13]
\iIN TvP [1.40%0.13] L — GLASS SEALANT
¥ 0.020-0.060 1yp ¥
0.200 ) (051152 °°% g 180 yiax pd
[5.08] - H * [4.57]
MAX TYP | i 7 0.010£0.002 1yp
i '| . H R By Isg M v ” [0.2540.05]
0.125-0.200 | g50% 50 |
Typ — 950+ 5
[3.18-5.08] L~ TYP TYP
0.080 v I 0
Bo[Tﬁ‘OEi]Ds I 0.01840.003 L310-0.410
01004 0.010 ~— lo.4620.08] "'° [7.87-10.41] 1164 (REV L)
[2.54+0.25] TP —
16-Lead Ceramic Dual-In-Line Package (J)
Order Number DS26C32ATJ or DS26C32AMJ/883
NS Package Number J16A
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Physical Dimensions inches (millimeters) (Continued)
0.386 —0.394
[~ {9,804 —10.00) >~
_5 S 14 13 12 1 1 9
0.228 -0.244 30°
(5.791-6.198) TYP
O /\;&
T 0§ 0ty
LEAD NO 1 Jrv oz 3 45 6 7 8 )
IDENT 0010 yay
(0.258)
0.150-0.157
| a.810-3.88)
0.010-0.020 0.053 -0.069.
T.2sa—0508 **’ ’“ {1346 -1.753) 00080010
8° MAX TYP (0.102-0.254)
ALL LEADS T 1
— —1
- ,J%&a ¢ J - =R SEATING
[} :T "1' PLANE
0.0080.010 4»] L 0.0160.050 o ’ 0.050 o 0.014-0.020 1yp
{0.203-0.254) 1210 (0.356) .27 {0.356—0.508)
TYP ALL LEADS 0.004 TYP ALL LEADS e 0.008
102 e WIGA REV Hy
ALL LEAD TIPS
16-Lead Molded Small Outline Package (M)
Order Number DS26C32ATM
NS Package Number M16A
| 0.740-0.780 ' 009
18.80-19.81 0090
( )~ “_ {2.286)
0.250£0.010
(6-35020.254)
PIN NO. 1
IDENT
OPTION 01 OPTION 02 0.065
0.130£0.005 0.060 40 TYP 0.300 - 0.320 1.651)
§  BseEeim) *I |‘_ (1524 P "\ OPTIONAL "‘ {7.620-8.128) '
0.145-0.200 N [ \l
(5.683-5.080) § N0 0 O f
950459 0.008=0.016
90°£4° TYP o= 8
(gg_ég) MIN— ) [ ozm0 ] {0.203-0.406)
’ 0.125=0.150 0.03040.015 (7.112)
(3.175=3.810) ! {0.76220.381) MIN
0.014-0.023 0.100£0.010 (0.325+0.040
(0~35$;P0~534) 0.050£0.010 (2-545’.#’-254) :?'g: 2 N1GE (REV F)
a .27%’0.254) (8.255*1%18)
16-Lead Molded Dual-In-Line Package (N)
Order Number DS26C32ATN
NS Package Number N16E
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DS26C32AT/DS26C32AM Quad Differential Line Receiver

Physical Dimensions inches (millimeters) (Gontinued)

0.050—0.080 0.371-0.390
(1.2710-2.032) {9.4239.906)
0.004—0.006 0.007-0.018 0.0500.005
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ANALOG
DEVICES

+3 Volt, Parallel Input
Complete 12-Bit DAC

DAC8362

FEATURES

Complete 12-Bit DAC

No External Components

Single +5 Volt Operation

1 mV/Bit with 4.095 V Full Scale
True Voltage Output, =5 mA Drive
Very Low Power -3 mW

APPLICATIONS

Digitally Controlled Calibration
Servo Controls

Process Control Equipment

PC Peripherals

GENERAL DESCRIPTION

The DAC8562 is a complete, parallel input, 12-bit, voltage out-
put DAC designed to operate from a single +5 volt supply. Built
using a CBCMOS process, these monolithic DACs offer the
user low cost, and ease-of-use in +5 volt only systems.

Included on the chip, in addition to the DAGC, is a rail-to-rail
amplifier, latch and reference. The reference (REFOUT) is
trimmed to 2.5 volts, and the on-chip amplifier gains up the
DAC output to 4.095 volts full scale. The user needs only sup-
ply a +5 volt supply.

The DAC8562 is coded straight binary. The op amp output
swings from 0 to +4.095 volts for a one millivolt per bit resolu-
tion, and is capable of driving +5 mA. Built using low tempera-
ture-coefficient silicon-chrome thin-film resistors, excellent
linearity error over temperature has been achieved as shown be-
low in the linearity error versus digital input code plot.

Digital interface is parallel and high speed to interface to the
fastest processors without wait states. The interface is very sim-
ple requiring only a single CE signal. An asynchronous CLR in-
put sets the output to zero scale.

REV. A

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

REFOUT Vop
N N
A\
DAC-8562
12-BIT
REF W() Vour

) AGND

DGND CE DATA CLR

The DAC8562 is available in two different 20-pin packages,
plastic DIP and SOL-20. Each part is fully specified for opera-
tion over —40°C to +85°C, and the full +5 V + 5% power supply
range.

For MIL-STD-883 applications, contact your local ADI sales
office for the DAC8562/883 data sheet which specifies opera-
tion over the —-55°C to +125°C temperature range.

' b

Vpp = +5V
0.75 o o o
Ty =-55°C, +25°C, +125°C

0.5

LINEARITY ERROR — LSB

+25°C & +125°C

0 1024 2048 3072 4096
DIGITAL INPUT CODE — Decimal

Figure 1. Linearity Error vs. Digital Input Code Plot

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703



DAC8362—SPECIFICATIONS

ELECTRICAL CHARACTERISTICS (@ vy, = +5.0 + 5% Ry = No Load, 40°C <T, < +85°C, unless otherwise noted)

Parameter Symbol | Condition Min Typ Max Units
STATIC PERFORMANCE
Resolution N Note 2 12 Bits
Relative Accuracy INL E Grade -1/2 +1/4 +1/2 LSB
F Grade -1 +3/4 +1 LSB
Differential Nonlinearity DNL No Missing Codes -1 +3/4 +1 LSB
Zero-Scale Error Vzse Data = 000y +1/2 +3 LSB
Full-Scale Voltage Vs Data - FFFy®
E Grade 4.087 4.095 4.103 | V
F Grade 4.079 4.095 4.111 | V
Full-Scale Tempco TCVgs | Notes 3, 4 +16 ppm/°C
ANALOG OUTPUT
Output Current Tout Data = 800y +5 +7 mA
Load Regulation at Half Scale LDgreg | Ry =402 Q to o, Data = 800y 1 3 LSB
Capacitive Load Cp No Oscillation* 500 pF
REFERENCE OUTPUT
Output Voltage VREerR 2.484 2,500 2.516 |V
Output Source Current IRer Note 5 5 7 mA
Line Rejection LNRggy 0.08 %IV
Load Regulation LDggg | Iggr = 0to 5 mA 0.1 %/mA
LOGIC INPUTS
Logic Input Low Voltage Vi 0.8 A%
Logic Input High Voltage Vg 2.4 \%
Input Leakage Current I 10 LA
Input Capacitance Cr Note 4 10 pF
INTERFACE TIMING SPECIFICATIONS! *
Chip Enable Pulse Width tCEW 30 ns
Data Setup tps 30 ns
Data Hold tpH 10 ns
Clear Pulse Width tcLRW 20 ns
AC CHARACTERISTICS?
Voltage Output Settling Time® ts To +£1 LSB of Final Value 16 s
Digital Feedthrough 35 nV sec
SUPPLY CHARACTERISTICS
Positive Supply Current Ipp Vig=24V,Vp =08V 3 6 mA
VIL =0 V, VDD =+5V 0.6 1 mA
Power Dissipation Ppiss Vig=24V,Vp. =08V 15 30 mW
VIL =0 V, VDD = +5V 3 5 mW
Power Supply Sensitivity PSS AVpp = £5% 0.002  0.004 | %/%

NOTES

'All input control signals are specified with t, = t; = 5 ns (10% to 90% of +5 V) and timed from a voltage level of 1.6 V.

21 LSB = 1 mV for 0 to +4.095 V output range.
*Includes internal voltage reference error.

“These parameters are guaranteed by design and not subject to production testing.
Very little sink current is available at the REFOUT pin. Use external buffer if setting up a virtual ground.
The settling time specification does not apply for negative going transitions within the last 6 LSBs of ground. Some devices exhibit double the typical settling time in

this 6 LSB region.

Specifications subject to change without notice.
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(@ Vpp =+5.0V = 5%, R, = No Load, T, = +25°C, applies to part number DAC8562GBC only,

WAFER TEST I.IMITS unless otherwise noted)

Parameter Symbol Condition Min Typ Max Units
STATIC PERFORMANCE
Relative Accuracy INL -1 +3/4 +1 LSB
Differential Nonlinearity DNL No Missing Codes -1 +3/4 +1 LSB
Zero-Scale Error Vzsg Data = 000y +1/2 +3 LSB
Full-Scale Voltage Vs Data = FFFy 4.085 4.095 4.105 \%
Reference Output Voltage VR&er 2.490 2.500 2.510 A%
LOGIC INPUTS
Logic Input Low Voltage Vi 0.8 \%
Logic Input High Voltage Vi 2.4 A%
Input Leakage Current I 10 HA
SUPPLY CHARACTERISTICS
Positive Supply Current Ipp Vig=24V, V=08V 3 6 mA
VIL =0V, VDD =45V 0.6 1 mA
Power Dissipation Ppiss Vg=24V,Vp =08V 15 30 mW
VIL:()V, VDD:+5V 3 5 mW
Power Supply Sensitivity PSS AVpp = £5% 0.002 0.004 %/%
NOTE

'Electrical tests are performed at wafer probe to the limits shown. Due to variations in assembly methods and normal yield loss, yield after packaging is not guaranteed
for standard product dice. Consult factory to negotiate specifications based on dice lot qualifications through sample lot assembly and testing.

ABSOLUTE MAXIMUM RATINGS*

Vppto DGND and AGND ................ -0.3V,+10V
Logic Inputsto DGND ............... -0.3V,Vpp+ 0.3V <t
VourtoAGND ..................... -0.3V,Vpp +0.3V
VREFOUT toAGND .................. -0.3 V, VDD +0.3V DATA VALID &
AGNDtoDGND ........... ... ... it -0.3V, Vpp
Tour Short Circuit to GND ...........cceeennn... 50 mA ! ¢ ferrw ]
Package Power Dissipation .............. (Ty max — Ty)/0y Y I _
Thermal Resistance 6j5 Fs

20-Pin Plastic DIP Package (P) ................ 74°C/W Vour e N

20-Lead SOIC Package (S) ................... 89°C/W zs e — PE—
Maximum Junction Temperature (Tymax) .......... 150°C s s
Operating Temperature Range .. ........... —40°C to +85°C Figure 2. Timing Diagram
Storage Temperature Range ............. —65°C to +150°C .
Lead Temperature (Soldering, 10secs) ............ +300°C Table I. Control Logic Truth Table
*Stresses above those listed under “Absolute Maximum Ratings” may cause CE CLR DAC Register Function
permanent damage to the device. This is a stress rating only and functional
operation of the device at these or any other conditions above those indicated in the H H Latched
oper?tional sc?ctions of ~this specification is pot implied. Expogure t(? ap?olute L H Transparent
maximum rating conditions for extended periods may affect device reliability. - H Latched with New Data

X L Loaded with All Zeros
H T+ Latched All Zeros

1 + Positive Logic Transition; X Don't Care.

CAUTION
ESD (electrostatic discharge) sensitive device. The digital control inputs are diode protected; WARNING'
however, permanent damage may occur on unconnected devices subject to high energy electrostatic - ( § \
fields. Unused devices must be stored in conductive foam or shunts. The protective foam should be “

discharged to the destination socket before devices are inserted.

ESD SENSITIVE DEVICE

REV. A -3-
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Table II. Nominal Output Voltage vs. Input Code

PIN CONFIGURATIONS
. Binary Hex Decimal Output (V)
20-Pin P-DIP SOL-20
(N-20) (R-20) 0000 0000 0000 000 0 0.000 Zero Scale
U, 0000 0000 0001 001 1 0.001
o3 [1]e 2ol v [Jeoz 1] 0000 0000 0010 002 2 0.002
% % > E % 0000 0000 1111 | 0OF 15 0.015
pes 2] bez = = 0000 0001 0000 010 16 0.016
DB5 E El DB1 ] DAC-8562 [] 0000 1111 1111 OFF 255 0.255
DB6 E E DBO ] Topview [] 0001 0000 0000 100 256 0.256
DAC-8562 1 — L] (ottoseale) L 0001 1111 1111 | 1FF 511 0.511
DB7 E El CE ] |
TOP VIEW _ ] ] 0010 0000 0000 200 512 0.512
DB8 E (Not to Scale) El CLR ] | 0011 11111111 3FF 1023 1.023
DB9 E E REFOUT 0100 0000 0000 400 1024 1.024
O111 11111111 7FF 2047 2.047
DB10
(o] B 1000 0000 0000 800 2048 2.048 Half Scale
be11 o] 2] AcnD 1100 0000 0000 C00 3072 3.072
pGND [10] [11] ne 1111 1111 1111 FFF 4095 4.095 Full Scale
NC = NO CONNECT
PIN DESCRIPTIONS
ORDERING GUIDE
Pin Name Description
INL Temperature Package . -
Model (LSB) Range Option 20 Vbp Positive supply. Nominal value
+5 volts, £5%.
DACB8562EP t1/2 | -40°Cto +85°C | N-20 1-9 DBO0-DB11 | Twelve Binary Data Bit inputs. DB11
DAC8562FP 1 —40°C to +85°C | N-20 17-19 is the MSB and DBO is the LSB.
DACB8562FS t1 -40°C to +85°C | R-20 —_— . . .
DAC8562GBC +1 +25°C Dice 16 CE Chip Enable. Active low input.
15 CLR Active low digital input that clears the
DAC register to zero, setting the DAC
DICE CHARACTERISTICS to minimum scale.
8 DGND Digital ground for input logic.
AGND DGND _ DBI1 ] 12 AGND Analog Ground. Ground reference for
the internal bandgap reference voltage,
v DB10 the DAC, and the output buffer.
o 13 Vour Voltage output from the DAC. Fixed
REFOUT - output voltage range of 0 V to 4.095 V
with 1 mV/LSB. An internal tempera-
ture stabilized reference maintains a
TR DBS fixed full-scale voltage independent of
time, temperature and power supply
variations.
CE bBY 14 REFOUT Nominal 2.5 V reference output volt-
age. This node must be buffered if re-
DBO DB6 quired to drive external loads.
11 NC No Connection. Leave pin floating.
DB1

DB5

SUBSTRATE IS COMMON WITH V.

TRANSISTOR COUNT: 524
DIE SIZE: 0.70 X 0.105 INCH; 7350 SQ MILS
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OPERATION

The DAC8562 is a complete ready to use 12-bit digital-to-
analog converter. Only one +5 V power supply is necessary for
operation. It contains a voltage-switched, 12-bit, laser-trimmed
digital-to-analog converter, a curvature-corrected bandgap refer-
ence, a rail-to-rail output op amp, and a DAC register. The par-
allel data interface consists of 12 data bits, DB0-DBI11, and a
active low CE strobe. In addition, an asynchronous CLR pin
will set all DAC register bits to zero causing the Voyr to be-
come zero volts. This function is useful for power on reset or
system failure recovery to a known state.

D/A CONVERTER SECTION

The internal DAC is a 12-bit voltage-mode device with an out-
put that swings from AGND potential to the 2.5 volt internal
bandgap voltage. It uses a laser trimmed R-2R ladder which is
switched by N channel MOSFETs. The output voltage of the
DAC has a constant resistance independent of digital input
code. The DAC output (not available to the user) is internally
connected to the rail-to-rail output op amp.

AMPLIFIER SECTION

The internal DAC’s output is buffered by a low power con-
sumption precision amplifier. This low power amplifier contains
a differential PNP pair input stage which provides low offset
voltage and low noise, as well as the ability to amplify the zero-
scale DAC output voltages. The rail-to-rail amplifier is config-
ured in a gain of 1.6384 (= 4.095 V/2.5 V) in order to set the
4.095 volt full-scale output (1 mV/LSB). See Figure 3 for an
equivalent circuit schematic of the analog section.

REFOUT
2.5V VOLTAGE SWITCHED 12-BIT
BANDGAP R-2R D/A CONVERTER RAIL-TO-RAIL
REFERENCE OuUTPUT
AMPLIFIER
v,
BUFFER out

AV =4.096/2.5
=1.636V/V

o .
o .
a 2R
SPDT
N ch FET
SWITCHES 2R

Figure 3. Equivalent DAC8562 Schematic of
Analog Portion

The op amp has a 16 ps typical settling time to 0.01%. There
are slight differences in settling time for negative slewing signals
versus positive. See the oscilloscope photos in the Typical Per-
formances section of this data sheet.

OUTPUT SECTION

The rail-to-rail output stage of this amplifier has been designed
to provide precision performance while operating near either
power supply. Figure 4 shows an equivalent output schematic of
the rail-to-rail amplifier with its N channel pull down FETs that
will pull an output load directly to GND. The output sourcing

REV. A

current is provided by a P channel pull-up device that can sup-
ply GND terminated loads, especially important at the -5%
supply tolerance value of 4.75 volts.

L 2 O Vpp
-I< Vour
N-CH
5 ’J |
l:‘ % ? 3 O AGND

Figure 4. Equivalent Analog Output Circuit

Figures 5 and 6 in the typical performance characteristics sec-
tion provide information on output swing performance near
ground and full scale as a function of load. In addition to resis-
tive load driving capability, the amplifier has also been carefully
designed and characterized for up to 500 pF capacitive load
driving capability.

REFERENCE SECTION

The internal 2.5 V curvature-corrected bandgap voltage refer-
ence is laser trimmed for both initial accuracy and low tempera-
ture coefficient. The voltage generated by the reference is
available at the REFOUT pin. Since REFOUT is not intended
to drive external loads, it must be buffered-refer to the applica-
tions section for more information. The equivalent emitter fol-
lower output circuit of the REFOUT pin is shown in Figure 3.

Bypassing the REFOUT pin is not required for proper opera-
tion. Figure 7 shows broadband noise performance.

POWER SUPPLY

The very low power consumption of the DAC8562 is a direct
result of a circuit design optimizing use of the CBCMOS pro-
cess. By using the low power characteristics of the CMOS for
the logic, and the low noise, tight matching of the complemen-
tary bipolar transistors, good analog accuracy is achieved.

For power-consumption sensitive applications it is important to
note that the internal power consumption of the DAC8562 is
strongly dependent on the actual logic-input voltage-levels
present on the DBO-DB11, CE and CLR pins. Since these in-
puts are standard CMOS logic structures, they contribute static
power dissipation dependent on the actual driving logic Vo and
VoL voltage levels. The graph in Figure 9 shows the effect on to-
tal DAC8562 supply current as a function of the actual value of
input logic voltage. Consequently for optimum dissipation use
of CMOS logic versus TTL provides minimal dissipation in the
static state. A Ving, = 0 V on the DB0-DB11 pins provides the
lowest standby dissipation of 600 PA with a +5 V power supply.




DAC8362

As with any analog system, it is recommended that the
DACB8562 power supply be bypassed on the same PC card that
contains the chip. Figure 10 shows the power supply rejection
versus frequency performance. This should be taken into ac-
count when using higher frequency switched-mode power sup-
plies with ripple frequencies of 100 kHz and higher.

One advantage of the rail-to-rail output amplifier used in the
DACS8562 is the wide range of usable supply voltage. The part is
fully specified and tested over temperature for operation from
+4.75 V to +5.25 V. If reduced linearity and source current ca-
pability near full scale can be tolerated, operation of the
DACS8562 is possible down to +4.3 volts. The minimum operat-
ing supply voltage versus load current plot, in Figure 11, pro-
vides information for operation below Vpp = +4.75 V.

TIMING AND CONTROL

The DAC8562 has a 12-bit DAC register that simplifies inter-
face to a 12-bit (or wider) data bus. The latch is controlled by
the Chip Enable (CE) input. If the application does not involve
a data bus, wiring CE low allows direct operation of the DAC.

The data latch is level triggered and acquires data from the data
bus during the time period when CE is low. When CE goes
high, the data is latched into the register and held until CE re-
turns low. The minimum time required for the data to be
present on the bus before CE returns high is called the data
setup time (tps) as seen in Figure 2. The data hold time (tpy) is
the amount of time that the data has to remain on the bus after
CE goes high. The high speed timing offered by the DAC8562
provides for direct interface with no wait states in all but the
fastest microprocessors.

Typical Performance Characteristics

5 LI B

Vpp = +5V
T, =+25°C

4 Ll L L
2 - LWL
2 R, TIED TO AGND

[ DATA = FFFH

L
o 3
<
=
-
S
2
2
o
=
2
¢

1 R, TIED TO +5V

DATA = 000H
0 N [
10 100 1k 10k

LOAD RESISTANCE - Q

Figure 5. Output Swing vs. Load
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APPLICATIONS SECTION

Power Supplies, Bypassing, and Grounding

All precision converter products require careful application of
good grounding practices to maintain full-rated performance.
Because the DAC8562 has been designed for +5 V applications,
it is ideal for those applications under microprocessor or micro-
computer control. In these applications, digital noise is preva-
lent; therefore, special care must be taken to assure that its
inherent precision is maintained. This means that particularly
good engineering judgment should be exercised when address-
ing the power supply, grounding, and bypassing issues using the
DACS8562.

The power supply used for the DAC8562 should be well filtered
and regulated. The device has been completely characterized for
a +5 V supply with a tolerance of +5%. Since a +5 V logic sup-
ply is almost universally available, it is not recommended to
connect the DAC directly to an unfiltered logic supply without
careful filtering. Because it is convenient, a designer might be
inclined to tap a logic circuit s supply for the DAC’s supply.
Unfortunately, this is not wise because fast logic with nanosec-
ond transition edges induces high current pulses. The high tran-
sient current pulses can generate glitches hundreds of millivolts
in amplitude due to wiring resistances and inductances. This
high frequency noise will corrupt the analog circuits internal to
the DAC and cause errors. Even though their spike noise is
lower in amplitude, directly tapping the output of a +5 V system
supplies can cause errors because these supplies are of the
switching regulator type that can and do generate a great deal of
high frequency noise. Therefore, the DAC and any associated
analog circuitry should be powered directly from the system
power supply outputs using appropriate filtering. Figure 28
illustrates how a clean, analog-grade supply can be generated
from a +5 V logic supply using a differential LC filter with sepa-
rate power supply and return lines. With the values shown, this
filter can easily handle 100 mA of load current without saturat-
ing the ferrite cores. Higher current capacity can be achieved
with larger ferrite cores. For lowest noise, all electrolytic capaci-
tors should be low ESR (Equivalent Series Resistance) type.

FERRITE BEADS:
2 TURNS, FAIR-RITE

#2677006301 +5V
TTL/CMOS
LOGIC

CIRCUITS + 100uF |+ 10-22uF | 0.1pF
T ELECT. T TANT. T CER.

® o * O

+5V

RETURN

+5V
POWER SUPPLY

Figure 28. Properly Filtering a +5 V Logic Supply
Can Yield a High Quality Analog Supply
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The DAC8562 includes two ground connections in order to
minimize system accuracy degradation arising from grounding
errors. The two ground pins are designated DGND (Pin 10)
and AGND (Pin 12). The DGND pin is the return for the digi-
tal circuit sections of the DAC and serves as their input thresh-
old reference point. Thus DGND should be connected to the
same ground as the circuitry that drives the digital inputs.

Pin 12, AGND, serves as the supply rail for the internal voltage
reference and the output amplifier. This pin should also serve as
the reference point for all analog circuitry associated with the
DACS8562. Therefore, to minimize any errors, it is recom-
mended that the AGND connection of the DAC8562 be con-
nected to a high quality analog ground. If the system contains
any analog signal path carrying a significant amount of current,
then that path should have its own return connection to Pin 12.

It is often advisable to maintain separate analog and digital
grounds throughout a complete system, tying them common to
one place only. If the common tie point is remote and an acci-
dental disconnection of that one common tie point were to
occur due to card removal with power on, a large differential
voltage between the two commons could develop. To protect
devices that interface to both digital and analog parts of the sys-
tem, such as the DAC8562, it is recommended that the com-
mon ground tie points be provided at each such device. If only
one system ground can be connected directly to the DAC8562,
it recommended that the analog common be used. If the
system’s AGND has suitably low impedance, then the digital
signal currents flowing in it should not seriously affect the
ground noise. The amount of digital noise introduced by con-
necting the two grounds together at the device will not adversely
affect system performance due to loss of digital noise immunity.

Generous bypassing of the DAC’s supply goes a long way in re-
ducing supply line-induced errors. Local supply bypassing con-
sisting of a 10 YF tantalum electrolytic in parallel with a 0.1 pF

ceramic is recommended. The decoupling capacitors should be
connected between the DAC’s supply pin (Pin 20) and the ana-
log ground (Pin 12). Figure 29 shows how the DGND, AGND,
and bypass connections should be made to the DAC8562.

& L]
Vop _|_ — 0.1pF
DAC-8562 © Vour
TO OTHER

ANALOG CIRCUITS

DGND
£0)

TO POWER GROUND

Figure 29. Recommended Grounding and Bypassing
Scheme for the DAC-8562
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Unipolar Output Operation

This is the basic mode of operation for the DAC8562. As shown
in Figure 30, the DAC8562 has been designed to drive loads as
low as 820 Q in parallel with 500 pF. The code table for this op-
eration is shown in Table III.

OV < Vgur < 4.095V

;I; 500pF

Figure 30. Unipolar Output Operation

8200

Table III. Unipolar Code Table

Hexadecimal Number | Decimal Number | Analog Output
in DAC Register in DAC Register | Voltage (V)
FFF 4095 +4.095

801 2049 +2.049

800 2048 +2.048

7FF 2047 +2.047

000 0 0

Operating the DAC8562 on +12 V or +15 V Supplies Only
Although the DAC8562 has been specified to operate on a
single, +5 V supply, a single +5 V supply may not be available in
many applications. Since the DAC8562 consumes no more than
6 mA, maximum, then an integrated voltage reference, such as
the REF02, can be used as the DAC8562 +5 V supply. The
configuration of the circuit is shown in Figure 31. Notice that
the reference’s output voltage requires no trimming because of
the REF02’s excellent load regulation and tight initial output
voltage tolerance. Although the maximum supply current of the
DACB8562 is 6 mA, local bypassing of the REF02’s output with
at least 0. 1 YF at the DAC’s voltage supply pin is recommended
to prevent the DAC’s internal digital circuits from affecting the
DAC’s internal voltage reference.

-10-

+12V OR +15V

0.1pF

(19_0 Vour

Figure 31. Operating the DAC8562 on +12 V or +15V
Supplies Using a REF02 Voltage Reference

Measuring Offset Error
One of the most commonly specified endpoint errors associated
with real-world nonideal DACs is offset error.

In most DAC testing, the offset error is measured by applying
the zero-scale code and measuring the output deviation from

0 volt. There are some DACs where offset errors may be present
but not observable at the zero scale because of other circuit limi-
tations (for example, zero coinciding with single supply ground).
In these DACs, nonzero output at zero code cannot be read as
the offset error. In the DAC8562, for example, the zero-scale er-
ror is specified to be +3 LSBs. Since zero scale coincides with
zero volt, it is not possible to measure negative offset error.

By adding a pull-down resistor from the output of the
DACS8562 to a negative supply as shown in Figure 32, offset er-
rors can now be read at zero code. This configuration forces the
output P-channel MOSFET to source current to the negative
supply thereby allowing the designer to determine in which di-
rection the offset error appears. The value of the resistor should
be such that, at zero code, current through the resistor is 200 JA
maximum.

+5V
Y owF

Vop

DAC-8562

(13 Vour

+ 200pA MAX

Figure 32. Measuring Zero-Scale or Offset Error
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R1
10kQ

FULL SCALE
ADJUST

<

R6 -2.5V ¢
10kQ

AVMV \ 4
R2 %
12.7k

-5V < Vg S 45V

O
P1 -5V
10k Q

ZERO SCALE
ADJUST

Al, A2 = 1/2 OP-295

Figure 33. Bipolar Output Operation

Bipolar Output Operation

Although the DAC8562 has been designed for single supply op-
eration, bipolar operation is achievable using the circuit illus-
trated in Figure 33. The circuit uses a single supply, rail-to-rail
OP295 op amp and the DAC’s internal +2.5 V reference to gen-
erate the —2.5 V reference required to level-shift the DAC out-
put voltage. The circuit has been configured to provide an
output voltage in the range -5 V < Voyr £ +5 V and is coded in
complementary offset binary. Although each DAC LSB corre-
sponds to 1 mV, each output LSB has been scaled to 2.44 mV.
Table IV provides the relationship between the digital codes and
output voltage.

The transfer function of the circuit is given by:

_ » Or40 R4l
Vo =-1mV x Digital COdexB%H+2'SXE%H

and, for the circuit values shown, becomes:

Vo =-2.44 mV x Digital Code +5V

Table IV. Bipolar Code Table

Decimal Number
in DAC Register

Hexadecimal Number
in DAC Register

Analog Output
Voltage (V)

FFF 4095 -4 9976
801 2049 —2.44E-3
800 2048 0

7FF 2047 +2.44E-3
000 0 +5

To maintain monotonicity and accuracy, R1, R2, R4, R5, and
R6 should be selected to match within 0.01% and must all be of
the same (preferably metal foil) type to assure temperature coef-
ficient matching. Mismatching between R1 and R2 causes offset
and gain errors while an R4 to R1 and R2 mismatch yields gain
errors.

For applications that do not require high accuracy, the circuit il-
lustrated in Figure 34 can also be used to generate a bipolar
output voltage. In this circuit, only one op amp is used and no
potentiometers are used for offset and gain trim The output
voltage is coded in offset binary and is given by:

REV. A

V,, =1mV x Digital Code % %Ex %‘ + Eg

_REFOUT x ~R2Z

For the £2 5 V output range and the circuit values shown in the
table, the transfer equation becomes:

Vo, =1.22 mV x Digital Code —2.5V

Similarly, for the +5 V output range, the transfer equation be-
comes:

Vo =2.44 mV x Digital Code -5V

Note that, for £5 V output voltage operation, R5 is required as a
pull-down for REFOUT. Or, REFOUT can be buffered by an
op amp configured as a follower that can source and sink cur-
rent.

_ V,
CE °
CLR
-5V
Al =1/2 OP-295
Vour
RANGE |[R1 | R2 | R3 | R4
¥25V | 10k | 10k | 10k | 15.4k +274
+5V 10k 20k 10k 43.2k + 499

Figure 34. Bipolar Output Operation Without
Trim Version 1
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Alternatively, the output voltage can be coded in complementary
offset binary using the circuit in Figure 35. This configuration
eliminates the need for a pull-down resistor or an op amp for
REFOUT The transfer equation of the circuit is given by:

.. Ur20
V., =—=1mV x Digiral Code % + REFOUT
0 m igital Code x fro 0

R20

x 0_R4 D>< 5 + ==
R3 + R4E H R1 H
and, for the values shown, becomes:

Vo =-2.44 mV x Digital Code +5V

R2
AAA
N
R1 vvy
Vour —W—¢
DAC-8562 —0 v,
R3
REFOUT F—WA—¢
< R1=R3=10kQ
im 3=10
Vo
RANGE | R2 R4
+5V 237k + 715 | 13.7k + 1690

Figure 35 Bipolar Output Operation Without
Trim Version 2

Generating a Negative Supply Voltage

Some applications may require bipolar output configuration, but
only have a single power supply rail available. This is very com-
mon in data acquisition systems using microprocessor-based sys-
tems. In these systems, only +12 V, +15 V, and/or +5 V are
available. Shown in Figure 36 is a method of generating a nega-
tive supply voltage using one CD4049, a CMOS hex inverter,
operating on +12 V or +15 V. The circuit is essentially a charge
pump where two of the six are used as an oscillator. For the val-
ues shown, the frequency of oscillation is approximately 3.5 kHz
and is fairly insensitive to supply voltage because R1 > 2 X R2.
The remaining four inverters are wired in parallel for higher out-
put current. The square-wave output is level translated by C2 to
a negative-going signal, rectified using a pair of IN4001s, and
then filtered by C3. With the values shown, the charge pump
will provide an output voltage of —5 V for current loading in the
range 0.5 mA < Ioyr £ 10 mA with a +15 V supply and

0.5 mA < Ioyr £ 7 mA with a +12 V supply.

c2

D2 R3

£ aNaoor 4700
1IN5231
5.1V

p1  *lcs
1N4001 | 47pF
ZENER

c1 — — —
0.02uF

Figure 36. Generating a -5 V Supply When
Only +12 V or +15 V Are Available

Audio Volume Control
The DACB8562 is well suited to control digitally the gain or
attenuation of a voltage controlled amplifiers. In professional

-12-

audio mixing consoles, music synthesizers, and other audio proces-
sors, VCAs, such as the SSM2018, adjust audio channel gain and
attenuation from front panel potentiometers. The VCA provides a
clean gain transition control of the audio level when the slew rate of
the analog input control voltage, V¢, is properly chosen. The cir-
cuit in Figure 37 illustrates a volume control application using the
DACS8562 to control the attenuation of the SSM2018.

+15V
P1 10MQ
100kQ SYMMETRY
OFFSET TRIM
TRIM
—15v
—O Vour
gH
+15V O i {7]
oF L] B
% L ssm-2018 2w | soke
- 30
I's] 12)
18kQ 'lé [ 12—1-\W\~-0 +15v
Vin % {6] 11}
L] -0 v
+15VQ  0.1pF | =] o] g 0.1pF

0V SV S +2.24V

R7 Ccon

1kQ* g 1pF

* — PRECISION RESISTOR PT146
= V  1kQ COMPENSATOR

Figure 37. Audio Volume Control

Since the supply voltage available in these systems is typically
+15Vor +18 V, a REF02 is used to supply the +5 V required
to power the DAC. No trimming of the reference is required be-
cause of the reference’s tight initial tolerance and low supply
current consumption of the DAC8562. The SSM2018 is config-
ured as a unity-gain buffer when its control voltage equals

0 volt. This corresponds to a 000y code from the DAC8562.
Since the SSM2018 exhibits a gain constant of —28 mV/dB
(typical), the DAC’s full-scale output voltage has to be scaled
down by R6 and R7 to provide 80 dB of attenuation when the
digital code equals FFFy. Therefore, every DAC LSB corre-
sponds to 0.02 dB of attenuation. Table V illustrates the attenu-
ation versus digital code of the volume control circuit.

Table V. SSM2018 VCA Attenuation vs.
DACS8562 Input Code

Hexadecimal Number | Control Voltage | VCA Attenuation
in DAC Register V) (dB)
000 0 0
400 +0.56 20
800 +1.12 40
C00 +1.68 60
FFF +2.24 80
REV. A
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To compensate for the SSM2018’s gain constant temperature
coefficient of —3300 ppm/°C, a 1 kQ, temperature-sensitive
resistor (R7) manufactured by the Precision Resistor Com-
pany with a temperature coefficient of +3500 ppm/°C is used.
A Ccon of 1 F provides a control transition time of 1 ms which
yields a click-free change in the audio channel attenuation. Sym-
metry and offset trimming details of the VCA can be found in
the SSM2018 data sheet.

Information regarding the PT146 1 kQ “Compensator” can be
obtained by contacting:

Precision Resistor Company, Incorporated
10601 75th Street North

Largo, FL 34647

(813) 541-5771

A High-Compliance, Digitally Controlled Precision Current
Source

The circuit in Figure 38 shows the DAC8562 controlling a
high-compliance, precision current source using an AMPO5 in-
strumentation amplifier. The AMPO05’s reference pin becomes
the input, and the “old” inputs now monitor the voltage across a
precision current sense resistor, Rcs. Voltage gain is set to unity,
so the transfer function is given by the following equation:

V
I = _IN
ouTr

R

If Rcs equals 100 Q, the output current is limited to +10 mA
with a 1 V input. Therefore, each DAC LSB corresponds to
2.4 pA. If a bipolar output current is required, then the circuit
in Figure 33 can be modified to drive the AMPO05’s reference
pin with a £1 V input signal.

Potentiometer P1 trims the output current to zero with the in-
put at 0 V. Fine gain adjustment can be accomplished by adjust-
ing R1 or R2.

A Digitally Programmable Window Detector
A digitally programmable, upper/lower limit detector using two
DAC8562s is shown in Figure 39. The required upper and

+5V

2

1/6
74HCO05

1

lower limits for the test are loaded into each DAC individually
by controlling HDAC/LDAC. If a signal at the test input is not
within the programmed limits, the output will indicate a logic
zero which will turn the red LED on.

Res
100Q

OmA < lgyr € 10mA
2.4uA/ LSB

DAC-8562

DGND  AGND

V

Figure 38. A High-Compliance, Digitally Controlled
Precision Current Source

Vin

+5V +5V
o
R1 R2
ey 604Q 604Q

ot

RED LED GREEN LED
T1 Tl

p PASS/FAIL

HDAC/LDAC O

CLR O

1/6
74HCO5

Yo

C1, C2 = 1/4 CMP-404

Figure 39. A Digitally Programmable Window Detector
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Decoding Multiple DAC8562s

The CE function of the DAC8562 can be used in applications
to decode a number of DACs. In this application, all DACs re-
ceive the same input data; however, only one of the DACs’ CE
input is asserted to transfer its parallel input register contents
into the DAC. In this circuit, shown in Figure 40, the CE tim-
ing is generated by a 74HC139 decoder and should follow the
DACB8562’s standard timing requirements. To prevent timing
errors, the 74HC139 should not be activated by its ENABLE
input while the coded address inputs are changing. A simple
timing circuit, R1 and C1, connected to the DACs’ CLR pins
resets all DAC outputs to zero during power-up.

MICROPROCESSOR INTERFACING
DAC-8562-MC68HC11 INTERFACE

The circuit illustrated in Figure 41 shows a parallel interface be-
tween the DAC8562 and a popular 8-bit microcontroller, the
M68HC11, which is configured in a single-chip operating
mode. The interface circuit consists of a pair of 74ACT11373
transparent latches and an inverter. The data is loaded into the
latches in two 8-bit bytes; the first byte contains the four most
significant bits, and the lower 8 bits are in the second byte. Data
is taken from the microcontroller’s port B output lines, and
three interface control lines, CLR, CE, and MSB/LSB, are con-
trolled by the M68HC11's PC2, PC1, and PCO output lines, re-
spectively. To transfer data into the DAC, PCO is set, enabling
UT’s outputs. The first data byte is loaded into Ul where the
four least significant bits of the byte are connected to
MSB-DBS. PCO0 is then cleared; this latches U1’s inputs and
enables U2’s outputs. U2s outputs now become DB7-DBO.
The DAC output is updated with the contents of Ul and U2

when PC1 is cleared. The DAC’s CLR input, controlled by the
M68HCI11’s PC2 output line, provides an asynchronous clear
function that sets the DAC’s output to zero. Included in this sec-
tion is the source code for operating the DAC-8562-M68HCI11
interface.

¢ DATA

+5V
‘|7—|}—£ 74HC139
0.1uF |16 70 4

Vee
ENABLE 1 5
o— 16 11

2 6
o— 1A 1Y2
CODED

3
ADDRESS 0

15
+5V O~-AMA\——
1kQ 14

GND

(19 DAC-8562

Figure 40. Decoding Multiple DAC8562s Using the CE Pin

74ACT11373
*MBBHC11 13
c 1
PC2 —»CLR 1D 1Q—O NC
— 2
PC1 {4 cE 2D 2Q 3—0 NC
74HCO04 | 21 O NC
MsB/LsB L1 N2 20| 3P Iy *DAC-8562
Pco T1%° u1 Qg °Ne 15—
s 50> PC2 | ctR
| 50 10 pCL B cE
e 11 2 viss
7D Q
14 12 8
8D 8Q 7 DB10
| 24] — DB9
oc 6 u3
€ DB8
= 5
74ACT11373 DB7 13
13 4 Vour -
c 51086
23 1
PB7 1D 10— DB5
22 NE 2
PB6 2D 2Q DB4
21 3 1
PBS 3D 3Q DB3
20 4 19
PB4 4D 4Q DB2
1 U2 9 18
PB3 ® 5D 50 DB1
16 10 17
PB2 ® 6D 6Q LSB
15 11
PB1 ® 7D |5
14
PBO ® 8D 80
24| —
e
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*ADDITIONAL PINS OMITTED FOR CLARITY
Figure 41. DAC8562 to MC68HC11 Interface
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DACS8562-M68HCI11 Interface Program Source Code (Continued)
* Update DAC output with contents of input registers

* DAC8562 to M68HC11 Interface Assembly Program *

* Adolfo A. Garcia DUMP
* September 14, 1992
*

DACS8562 - M68HCI11 Interface Program Source Code

BCLR PORTC,Y $02  Assert CE/
BSET PORTC,Y $02  Latch DAC register

* M68HC11 Register definitions PULA When done, restore registers X, Y & A
* PULY
PORTB EQU  $1004 PULX
PORTC EQU  §$1003 Port C control register RTS ** Return to Main Program **
* “0,0,0,0;0,CLR/,CE/,MSB-LSB/”
DDRC EQU $1007 Port C data direction
*
* RAM variables: MSBS are encoded from 0 (Hex) to F (Hex)
* LSBS are encoded from 00 (Hex) to F (Hex)
* DAC requires two 8-bit loads
*
MSBS EQU  $00 Hi-byte: “0,0,0,0,MSB,DB10,DB9,DB8”
LSBS EQU  $o01 Lo-byte: “DB7,DB6,DB5,DB4;DB3,DB2,
DB1,DB0”

*
* Main Program
*

ORG  $C000 Start of user’s RAM in EVB
INIT LDS #$CFFF Top of C page RAM

*

* Initialize Port C Outputs

*

LDAA #$07 0,0,0,0;0,1,1,1
STAA DDRC CLR/,CE/, and MSB-LSB/ are now enabled
as outputs
LDAA #$06 0,0.0,0;0,1,1,0
* CLR/-Hi, CE/-Hi, MSB-LSB/-Lo
STAA PORTC Initialize Port C Outputs

*

* Call update subroutine

*

BSR
JMP

*

UPDATE
$E000

* Subroutine UPDATE

*

UPDATE PSHX
PSHY
PSHA

*

Xfer 2 8-bit words to DAC8562
Restart BUFFALO

Save registers X, Y, and A

* Enter contents of the Hi-byte input register

*

LDAA
STAA

*

#$0A
MSBS

0,0,0,0;1,0,1,0
MSBS are set to 0A (Hex)

* Enter Contents of’ Lo-byte input register

*

LDAA #$AA 1,0,1,0;1,0,1,0
STAA LSBS LSBS are set to AA (Hex)
*
LDX  #MSBS Stack pointer at 1st byte to send via Port B
LDY #$1000 Stack pointer at on-chip registers

*

* Clear DAC output to zero

*

BCLR
BSET

*

PORTGC,Y $04
PORTC,Y $04

* Loading input buffer latches

*

Assert CLR/
De-assert CLR/

BSET PORTC,Y $01  Set hi-byte register load
TFRLP LDAA 0,X Get a byte to transfer via Port B
STAA PORTB Write data to input register
INX Increment counter to next byte for transfer
CPX #LSBS+1 Are we done yet ?
BEQ DUMP If yes, update DAC output
BCLR PORTC,Y $01  Latch hi-byte register and set lo-byte register
load
BRA  TFRLP

REV. A
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

20-Pin Plastic DIP (P-Suffix)

D N N = s N
20 11

0.255 (6.477)
PIN 1 0.245 (6.229)

N[ o1 10
T T v v v e T T Y

’471.07 (27.18) MAX4—| i .‘ % r
1]
| 9)

0.145 0.135 (3.42
(3.683) 012 G17
o) 0.125 (3.17)

0.125
(3.175) .J L
MIN
>l !

0.021 (0.533) 0.11 (2.79) 0.065 (1.66)

0.015 (0.381) 0.09 (2.28) 0.045 (1.15)
LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH

LEADS ARE SOLDER OR TIN-PLATED KOVAR OR ALLOY 42.

L
\ -~ 1—[5)0 0.011 (0.28)

SEATING 0.009 (0.23)
PLANE

20-Pin Cerdip (R-Suffix)

i S e Y Y Y O o

20 11
PIN 1 0.28/(7.11)
N\ 0.2 (6.1)
ol 10 ¥
Sy
\ 0.97 (24.64)

| 0.935 (23.75)

0.32 (8.128)

i ¥ " 0.29 (7.366)
| 0.18 (4.57)

)

0.20 (5.0)

0.14 (3.56)

0.15 (3.8) i 0.011 (0.28)

0.125 (3.18) J L 0.009 (0.23)
e > e ~ |
0.02 (0.5) 0.11 (2.79) 0.07 (1.78) SEATING 0
0.016 (0.14) 009 (228) 0.05 (1.27) PLANE

LEAD NO. 1 IDENTIFIED BY DOT OR NOTCH
LEADS ARE SOLDER OR TIN-PLATED KOVAR OR ALLOY 42.

20-Lead SOIC (S-Suffix)

PIN1
1

AAANAAARAA i

0.299 (7.60)
0.291 (7.40)

10

0512 (13.00)

TUO0O00000y

>

| 0.496 (12.60)

L

A

\ 0.107 2.72)

0.419 (10.65)
0.404 (10.00)

=,

0.089 (2.26)

- f
0.011 (0.275) 0.050 (1.27) 0.022 (0.56) 0.015 (0.38) 0.034 (0.86)
0.005 (0.125) BSC 0.014 (0.36) 0.007 (0.18) 0.018 (0.46)

-
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MM54HC14/MM74HC14
Hex Inverting Schmitt Trigger

General Description Features

The MM54HC14/MM74HC14 utilizes advanced silicon-gate ~ m Typical propagation delay: 13 ns

CMOS technology to achieve the low power dissipation and  m Wide power supply range: 2-6V

high noise immunity of standard CMOS, as well as the capa-  m |ow quiescent current: 20 wA maximum (74HC Series)
bility to drive 10 LS-TTL loads. m Low input current: 1 wA maximum

The 54HC/74HC logic family is functionally and pinout com- @ Fanout of 10 LS-TTL loads

patible with the standard 54LS/74LS logic family. All inputs g Typical hysteresis voltage: 0.9V at Vg = 4.5V

are protected from damage due to static discharge by inter-

nal diode clamps to Vgg and ground.

Connection and Schematic Diagrams

Dual-In-Line Package

Voo A6 Y6 A5 Y5 A4 Y4
|14 13 |12 11 |10 9 |8

.
>

K 2 3 4 5 6 |7
Al 1 A2 Y2 A3 Y3 GND
TL/F/5105-1
Top View

Order Number MM54HC 14 or MM74HC 14

Voo
_I
Ve Voo
i Tor
A 0_{ J- L| Y
Ve = =
]

TL/F/5105-2
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Absolute Maximum Ratings (Notes 1 & 2)
If Military/Aerospace specified devices are required,

Power Dissipation (Pp)

please contact the National Semiconductor Sales (Note 3) 600 mW
Office/Distributors for availability and specifications. S.O. Package only 500 mW
Supply Voltage (Vo) —0.5t0 +7.0V Lead Temp. (T|) (Soldering 10 seconds) 260°C
DC Input Voltage (V|n) —1.5t0 Vg t+1.5V . .
DC Output Voltage (Vout) —0.5t0 Veg+0.5V Operating Conditions
Clamp Diode Current (Ii, lok) +20 mA Suooly Voltade (V. MZ'" ng U'\‘/"S
DC Output Current, per pin (loyT) +25mA Dl(ij|p yvo acg);e ( C?/) | 0 v v
DC Vg or GND Current, per pin (Icc) +50 mA (vm)u\t/gLT)Utpm oltage cc
Storage Temperature Range (TsTg) —65°Cto +150°C Operating Temp. Range (T4)
MM74HC —40 +85 °C
MM54HC —55 +125 °C
DC Electrical Characteristics (ot 4)
Ta—25°C 74HC 54HC
Symbol Parameter Conditions Vce A Tao=—40t085°C | To=—5510125°C | units
Typ Guaranteed Limits
V14 Positive Going Minimum 20V | 1.2 1.0 1.0 1.0 \Y
Threshold Voltage 45V | 27 2.0 20 2.0 \"
6.0V | 3.2 3.0 3.0 3.0 \
Maximum 20V | 1.2 1.5 1.5 1.5 Vv
4.5V | 2.7 3.15 3.15 3.15 \"
6.0V | 3.2 4.2 4.2 4.2 \'
V1_ Negative Going Minimum 20V | 07 0.3 0.3 0.3 \
Threshold Voltage 45V | 1.8 0.9 0.9 0.9 Vv
6.0V 2.2 1.2 1.2 1.2 \
Maximum 20V | 07 1.0 1.0 1.0 Vv
4.5V 1.8 2.2 2.2 2.2 \Y
6.0V | 2.2 3.0 3.0 3.0 \'
A Hysteresis Voltage Minimum 20V | 05 0.2 0.2 0.2 \"
4.5V 0.9 0.4 0.4 0.4 \"
6.0V | 1.0 0.5 0.5 0.5 \'
Maximum 20V | 05 1.0 1.0 1.0 \"
4.5V 0.9 1.4 1.4 1.4 \"
6.0V 1.0 1.5 1.5 1.5 \"
VoH Minimum High Level | ViN=V|L
Output Voltage llout|=20 pA 2.0V | 20 1.9 1.9 1.9 v
4.5V 4.5 4.4 4.4 4.4 \Y
6.0V | 6.0 5.9 5.9 5.9 \'
VIN=ViL
[louT|=4.0 mA 45V | 42 | 3.98 3.84 3.7 v
[louTl=5.2mA 6.0V | 57 | 5.48 5.34 5.2 v
VoL Maximum Low Level | ViN=V|H
Output Voltage llout| =20 pA 20V | 0 0.1 0.1 0.1 v
4.5V 0 0.1 0.1 0.1 \
6.0V 0 0.1 0.1 0.1 \'
VIN=VIH
[louT|=4.0 mA 45V | 0.2 | 0.26 0.33 0.4 v
lloutl=5.2mA 6.0V | 0.2 | 0.26 0.33 0.4 v
N Maximum Input ViN=Vccor GND | 6.0V +0.1 +1.0 +1.0 wA
Current
Icc Maximum Quiescent | ViN=Vgcor GND | 6.0V 2.0 20 40 nA
Supply Current louT=0 uA

Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur.

Note 2: Unless otherwise specified all voltages are referenced to ground.

Note 3: Power Dissipation temperature derating — plastic “N”” package: —12 mW/°C from 65°C to 85°C; ceramic “J” package: —12 mW/°C from 100°C to 125°C.
Note 4: For a power supply of 5V £10% the worst case output voltages (Von, and Vo) occur for HC at 4.5V. Thus the 4.5V values should be used when
designing with this supply. Worst case V| and V)_occur at Voo =5.5V and 4.5V respectively. (The V| value at 5.5V is 3.85V.) The worst case leakage current (||,
Icc, and lpoz) occur for CMOS at the higher voltage and so the 6.0V values should be used.
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AC Electrical Characteristics voc=5v, Ta=25°C, C_ =15 pF, t,.=t;=6 ns

Symbol

Parameter

Conditions

Typ

Guaranteed Limit

Units

tPHL tPLH

Maximum Propagation Delay

12 22

ns

AC Electrical Characteristics vcc=2.0vt06.0v, G =50 pF, t,=t;=6 ns (unless otherwise specified)

Ta=25C 74HC 54HC
Symbol Parameter Conditions | Vge A Tao=—40t085°C | Tp=—5510 125°C | Units
Typ Guaranteed Limits
tpHL, tpLH | Maximum Propagation 2.0V | 60 125 156 188 ns
Delay 45V | 13 25 31 38 ns
6.0V | 11 21 26 32 ns
t7LH, tTHL | Maximum Output Rise 2.0V | 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 19 ns
Cpp Power Dissipation (per gate) 27 pF
Capacitance (Note 5)
CiN Maximum Input Capacitance 5 10 10 10 pF

Note 5: Cpp determines the no load dynamic power consumption, Pp = Cpp Vcc? f+Icc Vee, and the no load dynamic
Cpp Vee ftlce

Typical Performance Characteristics
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MM54HC14/MM74HC14 Hex Inverting Schmitt Trigger

Physical Dimensions inches (millimeters)
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DS1624

PRELIMINARY

DALLAS

SEMICONDUCTOR

DS1624

Digital Thermometer and Memory

FEATURES

* Temperature measurements require no external com-
ponents

Measures temperatures from —55°C to +125°C in
0.03125°C increments. Fahrenheit equivalent is
—67°F to 257°F in 0.05625°F increments

Temperature is read as a 13-bit value (two byte trans-
fer)

Converts temperature to digital word in 200 ms, typi-
cal

256 bytes of E2 memory on board for storing informa-
tion such as frequency compensation coefficients

Data is read/written via a 2—wire serial interface (open
drain 1/O lines)

Applications include temperature—compensated
crystal oscillators for test equipment and radio sys-
tems

8—pin DIP or SOIC package

DESCRIPTION

The DS1624 consists of a digital thermometer and 256
bytes of E2 memory. The thermometer provides 13—bit
temperature readings which indicate the temperature of
the device. The E2 memory allows a user to store fre-

PIN ASSIGNMENT

SDA |1
scL | 2
NC OO | 3
GND [ | 4

8 [
7 [0 A0
6 [
5

[ A2

DS1624S
8-PIN SOIC (208 MIL)
See Mech. Drawings
Section

N—4
spal]

1
scL] 2
nel] s

4

8
7
6
onp [ 5

DS1624
8—PIN DIP (300 MIL)
See Mech. Drawings

Section

PIN DESCRIPTION

SDA — 2-Wire Serial Data Input/Output
SCL — 2-Wire Serial Clock

GND — Ground

A0 — Chip Address Input

Al — Chip Address Input

A2 — Chip Address Input

Vpp — Digital Power Supply (+3V— +5V)
NC — No Connection

guency compensation coefficients for digital correction
of crystal frequency due to temperature. Any other type
of information may also reside in this user space.

©Copyright 1995 by Dallas Semiconductor Corporation.

All Rights Reserved. For important information regarding
patents and other intellectual property rights, please refer to
Dallas Semiconductor data books.
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DS1624

DETAILED PIN DESCRIPTION Table 1

PIN SYMBOL DESCRIPTION
1 SDA Data input/output pin  for 2—wire serial communication port.
2 SCL Clock input/output pin  for 2—wire serial communication port.
3 NC No Connect . No Internal Connection.
4 GND Ground pin.
5 A2 Address input pin.
6 Al Address input pin.
7 AO Address input pin.
8 Vpp Supply Voltage 3V to 5V input power pin.
OVERVIEW quency depending upon the temperature at which the

A block diagram of the DS1624 is shown in Figure 1.
The DS1624 consists of two separate functional units:
1) a 256-byte nonvolatile EZ memory, and 2) a direct—
to—digital temperature sensor.

The nonvolatile memory is made up of 256 bytes of E2
memory. This memory may be used to store any type of
information the user wishes; for example, frequency
compensation coefficients may be placed in this
memory to allow for compensation of measured fre-

measurement is made. These memory locations are
accessed through the 2—wire serial bus.

The direct to digital temperature sensor allows the
DS1624 to measure the ambient temperature and
report the temperature value in a 13-bit word, with
0.03125°C resolution. The temperature sensor and its
related registers are accessed through the 2—wire serial
interface.

DS1624 FUNCTIONAL BLOCK DIAGRAM Figure 1

Vop

STATUS REGISTER &
CONTROL LOGIC

SCL —» -t
ADDRESS

AND
1/0 CONTROL
SDA * >

TEMPERATURE SENSOR

AQ —
Al ———»
A2 —

EEPROM MEMORY (256 BYTES)
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2-WIRE SERIAL DATA BUS

The DS1624 supports a bi—directional two—wire bus and
data transmission protocol. A device that sends data
onto the bus is defined as a transmitter, and a device
receiving data as areceiver. The device that controls the
message is called a “master”. The devices that are con-
trolled by the master are “slaves”. The bus must be con-
trolled by a master device which generates the serial
clock (SCL), controls the bus access, and generates the
START and STOP conditions. The DS1624 operates as
a slave on the two—wire bus. Connections to the bus are
made via the open—drain I/O lines SDA and SCL. The
following bus protocol has been defined (See Figure 2):

¢ Datatransfer may be initiated only when the bus is not
busy.

* During data transfer, the data line must remain stable
whenever the clock line is HIGH. Changes in the data
line while the clock line is high will be interpreted as
control signals.

Accordingly, the following bus conditions have been

defined:

Bus not busy: Both data and clock lines remain HIGH.

Start data transfer: A change in the state of the data
line, from HIGH to LOW, while the clockis HIGH, defines
a START condition.

Stop data transfer: A change in the state of the data
line, from LOW to HIGH, while the clock line is HIGH,
defines the STOP condition.

Data valid: The state of the data line represents valid
data when, after a START condition, the data line is
stable for the duration of the HIGH period of the clock
signal. The data on the line must be changed during the
LOW period of the clock signal. There is one clock pulse
per bit of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition The number of
data bytes transferred between START and STOP
conditions is not limited, and is determined by the mas-
ter device. The information is transferred byte—wise and
each receiver acknowledges with a ninth bit.

Within the bus specifications a regular mode (100 KHz
clock rate) and a fast mode (400 KHz clock rate) are
defined. The DS1624 works in both modes.

Acknowledge: Each receiving device, when
addressed, is obliged to generate an acknowledge after
the reception of each byte. The master device mustgen-
erate an extra clock pulse which is associated with this
acknowledge bit.

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the SDA line is stable LOW during the HIGH period
of the acknowledge related clock pulse. Of course,
setup and hold times must be taken into account. A
master must signal an end of data to the slave by not
generating an acknowledge bit on the last byte that has
been clocked out of the slave. In this case, the slave
must leave the data line HIGH to enable the master to
generate the STOP condition.

DATA TRANSFER ON 2-WIRE SERIAL BUS Figure 2

r -
'

| , |
! - A ' - - A
1 ! i 1
o N\ O OO VOO O
vt MSB vt
! : SLAVE L :
| |
! ! ADDRESS R ! X
il DIRECTION ACKNOWLEDGEMENT \
! BIT SIGNAL FROM !
' ! RECEIVER ' !
1 ! i 1
1 ' . 1 '
' ! ACKNOWLEDGEMENT [ !
1 ' SIGNAL FROM il 1
\ ' RECEIVER ' '
| 1 | 1
| |
N ACK ACK N
START STOP CONDITION
CONDITION '« REPEATEDIF OR REPEATED
MORE BYTES ARE START CONDITION
TRANSFERRED
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Figure 2 details how data transfer is accomplished on
the two—wire bus. Depending upon the state of the R/W
bit, two types of data transfer are possible:

1.

Data transfer from a master transmitter to a
slave receiver. The first byte transmitted by the
master is the slave address. Next follows a number
of data bytes. The slave returns an acknowledge bit
after each received byte.

Data transfer from a slave transmitter to a mas-

ter receiver. The first byte (the slave address) is
transmitted by the master. The slave then returns an
acknowledge bit. Next follows a number of data
bytes transmitted by the slave to the master. The
master returns an acknowledge bit after all received
bytes other than the last byte. At the end of the last
received byte, a 'not acknowledge’ is returned.

The master device generates all of the serial clock
pulses and the START and STOP conditions. A transfer
is ended with a STOP condition or with a repeated
START condition. Since a repeated START condition is
also the beginning of the next serial transfer, the bus will
not be released.

The DS1624 may operate in the following two modes:

1.

Slave receiver mode: Serial data and clock are
received through SDA and SCL. After each byte is
received, an acknowledge bit is transmitted. START
and STOP conditions are recognized as the begin-

ning and end of a serial transfer. Address recogni-
tion is performed by hardware after reception of the
slave address and direction bit.

2. Slave transmitter mode: The first byte is received
and handled as in the slave receiver mode. How-
ever, in this mode, the direction bit will indicate that
the transfer direction is reversed. Serial data is
transmitted on SDA by the DS1624 while the serial
clock is input on SCL. START and STOP conditions
are recognized as the beginning and end of a serial
transfer.

SLAVE ADDRESS

A control byte is the first byte received following the
START condition from the master device. The control
byte consists of a four bit control code; for the DS1624,
this is set as 1001 binary for read and write operations.
The next three bits of the control byte are the device
select bits (A2, A1, AO). They are used by the master
device to select which of eight devices are to be
accessed. These bits are in effect the three least signifi-
cant bits of the slave address. The last bit of the control
byte (R/W) defines the operation to be performed. When
settoaone aread operationis selected, and when setto
a zero a write operation is selected. Following the
START condition, the DS1624 monitors the SDA bus
checking the device type identifier being transmitted.
Upon receiving the 1001 code and appropriate device
select bits, the slave device outputs an acknowledge
signal on the SDA line.

2-WIRE SERIAL COMMUNICATION WITH DS1624 Figure 3

Write to DS1624

BUS ACTIVITY:
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Read from DS1624
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OPERATION-MEASURING TEMPERATURE
Ablock diagram of the DS1624 is shown in Figure 1.The
DS1624 measures temperatures through the use of an
on—board proprietary temperature measurement tech-
nigue. A block diagram of the temperature measure-
ment circuitry is shown in Figure 4.

The DS1624 measures temperature by counting the
number of clock cycles that an oscillator with a low tem-
perature coefficient goes through during a gate period
determined by a high temperature coefficient oscillator.
The counter is preset with a base count that corre-
sponds to —55°C. If the counter reaches zero before the
gate period is over, the temperature register, which is
also preset to the —-55°C value, is incremented, indicat-
ing that the temperature is higher than -55°C.

Atthe same time, the counter is then preset with a value
determined by the slope accumulator circuitry. This cir-
cuitry is needed to compensate for the parabolic behav-
ior of the oscillators over temperature. The counter is
then clocked again until it reaches zero. If the gate
period is still not finished, then this process repeats.

The slope accumulator is used to compensate for the
nonlinear behavior of the oscillators over temperature,
yielding a high resolution temperature measurement.
This is done by changing the number of counts neces-
sary for the counter to go through for each incremental
degree intemperature. To obtain the desired resolution,
therefore, both the value of the counter and the number
of counts per degree C (the value of the slope accumu-
lator) at a given temperature must be known.

TEMPERATURE MEASURING CIRCUITRY Figure 4

SLOPE ACCUMULATOR
PRESET o COMPARE
/ \
SET/CLEAR
LOW TEMPERATURE COUNTER PRESET LSB
COEFFICIENT OSCILLATOR
' V ‘
INC
=0 TEMPERATURE REGISTER
A
HIGH TEMPERATURE > COUNTER
COEFFICIENT OSCILLATOR
STOP
=0
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Internally, this calculation is performed by the DS1624
to provide 0.03125°C resolution. The temperature read-
ing is provided in a 13-bit, two’s complementreading by
issuing READ TEMPERATURE command. Table 2
describes the exact relationship of output data to mea-
sured temperature. The data is transmitted serially
through the 2-wire serial interface, MSB first. The
DS1624 can measure temperature over the range of
—55°Cto0 +125°Cin 0.03125°C increments. For Fahren-
heit usage, a lookup table or conversion factor must be
used.

TEMPERATURE/DATA RELATIONSHIPS
Table 2

DIGITAL

DIGITAL OUTPUT OUTPUT
TEMP (Binary) (Hex)
+125°C | 01111101 00000000 7D00h
+25.0625°C | 00011001 00010000 1910h
+1,°C 00000000 10000000 0080h
+0°C 00000000 00000000 0070h
-1,°C 11111111 10000000 FF80h
—25.0625°C | 11100110 11110000 E6FOh
-55°C 11001001 00000000 C900h

Since data is transmitted over the 2—wire bus MSB first,
temperature data may be written to/read from the
DS1624 as either a single byte (with temperature reso-
lution of 1°C), or as two bytes, the second byte contain-
ing the value of the 5 least significant bits of the tempera-
ture reading, as shown in Table 1. Note that the
remaining three bits of this byte are set to all 0's.

Note that temperature is represented in the DS1624 in
terms of a 0.03125°C LSB, yielding the following 13—bit

format:

MSB LSB

Lo el o s]s] o o] +] [o] o] o] s]o] o] o]o]

=-25.0625°C

OPERATION AND CONTROL
A configuration/status register is used to determine the
method of operation that the DS1624 will use in a partic-

ular application, as well as indicating the status of the
temperature conversion operation.

The configuration register is defined as follows:

CONFIGURATION/STATUS REGISTER

DONE| 1 0 0 1 0 1 | 1SHOT
where
DONE= Conversion Done bit. “1” = Conversion com-

plete, “0” = conversion in progress.

1SHOT= One Shot Mode. If 1SHOT is “1”, the DS1624
will perform one temperature conversion
upon reception of the Start Convert T proto-
col. If 1ISHOT is “0”, the DS1624 will continu-
ously perform temperature conversions. This
bit is nonvolatile.

Since the configuration register is implemented in E2,
writes to the register require 10 ms to complete. After is-
suing a command to write to the configuration register,
no further accesses to the DS1624 should be made for
at least 10 ms.

OPERATION — MEMORY

BYTE PROGRAM MODE
In this mode, the master sends addresses and one data
byte to the DS1624.

Following a START condition, the device code (4-bit),
the slave address (3 bit), and the R/W bit, which is logic
LOW, are placed onto the bus by the master. The master
then sends the Access Memory protocol. This indicates
to the addressed DS1624 that a byte with a word
address will follow after it has generated an acknowl-
edge bit. Therefore the next byte transmitted by the
master is the word address and will be written into the
address pointer of the DS1624. After receiving the
acknowledge of the DS1624, the master device trans-
mits the data word to be written into the addressed
memory location. The DS1624 acknowledges again
and the master generates a STOP condition. This initi-
ates the internal programming cycle of the DS1624. A
repeated START condition, instead of a STOP condi-
tion, will abort the programming operation.
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During the programming cycle, the DS1624 will not ac-
knowledge any further accesses to the device until the
programming cycle is complete (approximately 10 ms.)

PAGE PROGRAM MODE

To program the DS1624, the master sends addresses
and data to the DS1624 which is the slave. This is done
by supplying a START condition followed by the 4-bit
device code, the 3—bit slave address, and the R/W bit
which is defined as a logic LOW for a write. The master
then sends the Access Memory protocol. This indicates
to the addressed slave that a word address will follow so
the slave outputs the acknowledge pulse to the master
during the ninth clock pulse. When the word address is
received by the DS1624, it is placed in the address
pointer defining which memory location is to be written.
The DS1624 will generate an acknowledge after every
8-bits received and store them consecutively in an
8-byte RAM until a STOP condition is detected which
initiates the internal programming cycle.

Arepeated START condition, instead of a STOP condi-
tion, will abort the programming operation.During the
programming cycle, the DS1624 will not acknowledge
any further accesses to the device until the program-
ming cycle is complete (approximately 10 ms).

If more than eight bytes are transmitted by the master,
the DS1624 will roll over and overwrite the data begin-
ning with the first received byte. This does not affect
erase/write cycles of the EEPROM array and is accom-
plished as aresult of only allowing the address register’s
bottom three bits to increment while the upper five bits
remain unchanged.

Ifthe master generates a STOP condition after transmit-
ting the first data word, byte programming mode is
entered.

READ MODE

In this mode, the master is reading data from the
DS1624 E2 memory. The master first provides the slave
address to the device, with R/W set to 0. The master
then sends the Access Memory protocol, and, after
receiving an acknowledge, then provides the word
address, which is the address of the memory location at
which it wishes to begin reading. Note that while thisis a
read operation, the address pointer must first be written.
During this period the DS1624 generates acknowledge
bits as defined in the appropriate section.

The master now generates another START condition
and transmits the slave address again, except this time
the R/W bit is set to 1, to put the DS1624 in read mode.
After the DS1624 generates the acknowledge bit, it then
outputs the data from the addressed location on the
SDA pin, increments the address pointer and, if it
receives an acknowledge from the master, will transmit
the next consecutive byte. This autoincrement
sequence is only aborted when the master sends a
STOP condition instead of an acknowledge. When the
address pointer reaches the end of the 256-byte
memory space (address FFh), it will increment from the
end of the memory back to the first location of the
memory (address 00h).

COMMAND SET

Data and control information is read from and written to
the DS1624 in the format shown in Figure 3. To write to
the DS1624, the master will issue the slave address of
the DS1624, and the R/W bit will be setto 0. After receiv-
ing an acknowledge, the bus master provides a com-
mand protocol. After receiving this protocol, the DS1624
will issue an acknowledge, and then the master may
send data to the DS1624. If the DS1624 is to be read,
the master must send the command protocol as before,
and then issue a repeated START condition and the
control byte again, this time with the R/W bit set to 1 to
allow reading of the data from the DS1624. The com-
mand set for the DS1624 as shown in Table 3 is as fol-
lows:

Access Memory [17h]

This command instructs the DS1624 to access its E2
memory. After issuing this command, the next data byte is
the value of the word address to be accessed. See
OPERATION-MEMORY section for detailed explana-
tions of the use of this protocol and data format following it.

Access Config [ACh]

If R/W is 0, this command writes to the configuration reg-
ister. After issuing this command, the next data byte is
value to be written into the configuration register. If RAW
is 1, the next data byte read is the value store d in the
configuration register.

Read Temperature [AAR]

This command reads the last temperature conversion
result. The DS1624 will send two bytes, in the format
described earlier, which are the contents of this register.
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Start Convert T [EEh]

This command begins a temperature conversion. No
further datais required. In one—shot mode, the tempera-
ture conversion will be performed and then the DS1624
will remain idle. In continuous mode, this command will
initiate continuous conversions.

Stop Convert T [22h]
This command stops temperature conversion. No fur-
ther datais required. This command may be used to halt

DS1624 COMMAND SET Table 3

aDS1624 in continuous conversion mode. After issuing
this command, the current temperature measurement
will be completed, and then the DS1624 will remain idle
until a Start Convert T is issued to resume continuous
operation.

INSTRUCTION DESCRIPTION

TEMPERATURE CONVERSION COMMANDS

PROTOCOL | 2-WIRE BUS DATA
AFTER ISSUING

PROTOCOL

NOTES

ration register.

Read Read last converted temperature value from AAh <read 2 bytes data>

Temperature temperature register.

Start Convert T | Initiates temperature conversion. EEh idle 1

Stop Convert T | Halts temperature conversion. 22h idle 1
MEMORY COMMANDS

Access Reads or writes to 256—byte EEPROM 17h <write data> 2

Memory memory.

Access Config | Reads or writes configuration data to configu- ACh <write data> 2

NOTES:

1. In continuous conversion mode, a Stop Convert T command will halt continuous conversion. To restart, the
Start Convert T command must be issued. In one—shot mode, a Start Convert T command must be issued for

every temperature reading desired.

2. Writing to the E2 typically requires 10 ms at room temperature. After issuing a write command, no further

reads or writes should be requested for at least 10 ms.

During the programming cycle, the DS1624 will not acknowledge any further accesses to the device until the

programming cycle is complete (approximately 10 ms).
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MEMORY FUNCTION EXAMPLE

BUS MASTER DS1624 DATA (MSB
MODE MODE FIRST) COMMENTS NOTES
{Command protocol for configuration register}
{Start here}
X RX START Bus Master Initiates a Start condition.
X RX <cadr,0> Bus Master sends DS1624 address; RIW=0;
RX TX ACK DS1624 generates acknowledge bit.
X RX ACh Buls Master sends Access Config command proto-
col.
RX TX ACK DS1624 generates acknowledge bit. 1
X RX 00h Bus Master sets up DS1624 for continuous conver-
sion.
RX TX ACK DS1624 generates acknowledge bit. 2
{Command protocol for Start Convert T}
{Start here}
X RX START Bus Master initiates a Start condition.
X RX <cadr,0> Bus Master sends DS1624 address; R/W=0;
RX TX ACK DS1624 generates acknowledge bit.
X RX EEh Buls Master sends Start Convert T command proto-
col.
RX TX ACK DS1624 generates acknowledge bit. 1
X RX STOP Bus Master initiates the STOP condition.
{Command protocol for reading the Temperature}
{Start here}
X RX START Bus Master initiates a Start condition.
TX RX <cadr, 0> | Bus Master sends DS1624 address; R/W=0;
RX TX ACK DS1624 generates acknowledge bit.
TX RX AAh Bus Master sends Read Temp command protocol.
RX TX ACK DS1624 generates acknowledge bit. 1
X RX START Bus Master initiates a Start condition.
X RX <cadr,1> Bus Master sends DS1624 address: R/W=1;
RX TX ACK DS1624 generates acknowledge bit.
RX TX <data> DS1624 sends the MSB byte of Temperature.
TX RX ACK Bus Master generates acknowledge bit.
RX TX <data> DS1624 sends the LSB byte of Temperature.
X RX STOP Bus Master Initiates the STOP condition.
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BUS MASTER DS1624 | DATA (MSB
MODE MODE FIRST) COMMENTS NOTES
{Command protocol for writing to EEPROM}
{Start here}
TX RX START Bus Master initiates a Start condition.
X RX <cadr,0> Bus Master sends DS1624 address; RIW=0;
RX TX ACK DS1624 generates acknowledge bit.
TX RX 17h BUIS Master sends Access Memory command proto-
col.
RX TX ACK DS1624 generates acknowledge bit. 1
TX RX <madr> Bus Master sends the starting memory address.
RX TX ACK DS1624 generates acknowledge bit.
TX RX <data> Bus Master sends the first byte of data.
RX TX ACK DS1624 generates acknowledge bit.
X RX <data> Bus Master sends the second byte of data.
RX TX ACK DS1624 generates acknowledge bit.
TX RX <data> Bus Master sends the n-th byte of data. 3
RX X ACK DS1624 generates acknowledge bit.
TX RX STOP Bus Master initiates the STOP condition. 4
{Command protocol for reading from EEPROM}
{Start here}
X RX START Bus Master initiates a Start condition.
X RX <cadr,0> Bus Master sends DS1624 address; R/W=0;
RX TX ACK DS1624 generates acknowledge bit.
TX RX 17h BUIS Master sends Access Memory command proto-
col.
RX TX ACK DS1624 generates acknowledge bit. 1
TX RX <madr> Bus Master sends the starting memory address.
RX TX ACK DS1624 generates acknowledge bit.
X RX START Bus Master initiates a Start condition.
TX RX <cadr,1> Bus Master sends DS1624 address: RIW=1;
RX TX ACK DS1624 generates acknowledge bit.
RX TX <data> DS1624 sends the first byte of data.
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BUS MASTER DS1624 | DATA (MSB
MODE MODE FIRST) COMMENTS NOTES
TX RX ACK Bus Master generates acknowledge bit.
RX TX <data> DS1624 sends the second byte of data.
TX RX ACK Bus Master generates acknowledge bit.
RX TX <data> DS1624 sends the n-th byte of data. 5
X RX STOP Bus Master initiates the STOP condition.

NOTES:

1. If this protocol follows a write and the DS1624 does not acknowledge here, restart the protocol at the Start
here. If it does acknowledge, continue on.

2. Wait for write to complete (10 ms typ. 50 ms max). If DS1624 does not acknowledge the command protocol
immediately following a configure register or write mem protocol, the DS1624 has not finished writing. Restart
the new command protocol until the DS1624 acknowledges.

3. If nis greater than eight, the last eight bytes are the only bytes saved in memory. If the starting address is 00
and the incoming data is 00 11 22 33 44 55 66 77 88 99, the result will be mem00=88 mem01=99 mem02=22
mem03=33 mem04=44 mem05=55 mem06=66 mem07=77. The data wraps around and overwrites itself.

4. The STOP condition causes the DS1624 to initiate the write to EEPROM sequence. If a START condition
comes instead of the STOP condition, the write is aborted. The data is not saved.

5. For reading, the address is incremented. If the starting address is 04h and 30 bytes of data are read out, 21h

is the final address read.
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ABSOLUTE MAXIMUM RATINGS*
Voltage on Any Pin Relative to Ground

Operating Temperature
Storage Temperature
Soldering Temperature

-0.5V to +7.0V
-55°C to +125°C
-55°C to +125°C
260°C for 10 seconds

* Thisisastressrating only and functional operation of the device atthese orany other conditions above those
indicated in the operation sections of this specification is notimplied. Exposure to absolute maximum rating
conditions for extended periods of time may affect reliability.

RECOMMENDED DC OPERATING CONDITIONS

PARAMETER SYMBOL MIN TYP MAX UNITS NOTES
Supply Voltage Vpp 2.97 5.0 5.5 \% 1
DC ELECTRICAL CHARACTERISTICS (-55°C to +125°C; Vpp=2.97V to 5.5V)
PARAMETER SYMBOL | CONDITION MIN TYP MAX UNITS | NOTES
Thermometer Error TERR 0°C to 70°C +1/, °C 11
-55°C to +0°C
anciir;é)o((:: o See Typical Curve
Low Level Input Voltage VL -0.5 0.3Vpp
High Level Input Voltage ViH 0.7Vpp Vpp+0.5
Pulse width of spikes which tsp Fast Mode 0 50 ns
must be suppressed by the
input filter
Low Level Output Voltage VoL1 3 mA sink 0 0.4 Y
current
VoL2 6 MA sink 0 0.6 \%
current
Input Current each I/O Pin 0.4<V};0<0.9Vpp -10 10 HA 2
1/0 Capacitance Cio 10 pF
Active Supply Current lcc Temperature 1000
Conversion
E2 Write 400 HA 3,4
Communica- 100
tion Only
Standby Supply Current IsTBY 1 3 PA 3,4
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AC ELECTRICAL CHARACTERISTICS

(-55°C to +125°C; Vpp=2.97V t0 5.5V)

PARAMETER SYMBOL [ CONDITION MIN TYP MAX UNITS | NOTES
Temperature Conversion Ttc 200 500 ms
Time
NV Write Cycle Time twr 0°C to 70°C 10 50 ms 10
SCL Clock Frequency fscL Fast Mode 0 400 KHz
Standard Mode 0 100
Bus Free Time Between a tBUF Fast Mode 1.3 us
STOP and START Condition Standard Mode 4.7
Hold Time (Repeated) tHD:sSTA Fast Mode 0.6 us 5
START Condition Standard Mode 4.0
Low Period of SCL Clock tLow Fast Mode 1.3 us
Standard Mode 4.7
High Period of SCL Clock tHIGH Fast Mode 0.6 s
Standard Mode 4.0 H
Setup Time for a Repeated tsu:sTA Fast Mode 0.6 us
START Condition Standard Mode 4.7
Data Hold Time tHD:DAT Fast Mode 0 0.9 us 6,7
Standard Mode 0
Data Setup Time tsu:DAT Fast Mode 100 ns 8
Standard Mode 250
Rise Time of both SDA and tr Fast Mode 20+0.1Cg 300 ns 9
SCL Signals
Standard Mode 1000
Fall Time of both SDA and te Fast Mode 20+0.1Cg 300 ns 9
SCL Signals
Standard Mode 300
Setup time for STOP tsu-sTO Fast Mode 0.6 us
Condition Standard Mode 4.0
Capacitive Load for each Bus Cyp 400 pF
Line

All values referred to V|y=0.9 Vpp and V| =0.1 Vpp.

AC ELECTRICAL CHARACTERISTICS

(=55°C to +125°C; Vpp=2.97V t0 5.5V)

PARAMETER

SYMBOL MIN

TYP

MAX

UNITS

NOTES

Input Capacitance

C

5

pF

NOTES:

1. All voltages are referenced to ground.

. /O pins of fast mode devices must not obstruct the SDA and SCL lines if Vpp is switched off.

2
3. l¢c specified with SDA pin open.
4

. lcc specified with V¢ at 5.0V and SDA, SCL = 5.0V, 0°C to +70°C.
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5. After this period, the first clock pulse is generated.

6. A device must internally provide a hold time of at least 300 ns for the SDA signal (referred to the V4 min Of
the SCL signal) in order to bridge the undefined region of the falling edge of SCL.

7. The maximum typ.paT has only to be met if the device does not stretch the LOW period (t ow) of the SCL
signal.

8. A fast mode device can be used in a standard mode system, but the requirement tgy.pat >250 ns must then
be met. This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If
such a device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line
tR MAaX*tsu:paT = 1000+250 = 1250 ns before the SCL line is released.

9. Cp, - total capacitance of one bus line in pF.
10. Writing to the nonvolatile memory should only take place in the 0°C to +70°C temperature range.

11. See Typical Curve for specification limits outside the 0°C to 70°C temperature range.

TIMING DIAGRAMS

i o B aren il

1
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1 1
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1 1
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| |
|
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’ < ! tsu:sTo
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STOP START REPEATED
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TYPICAL PERFORMANCE CURVE

DS1624 DIGITAL THERMOMETER AND THERMOSTAT
TEMPERATURE READING ERROR
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MIC2937A/29371/29372

750mA Low-Dropout Voltage Regulator

General Description

The MIC2937A family are “bulletproof’ efficient voltage
regulators with very low dropout voltage (typically 40mV at
light loads and 300mV at 500mA), and very low quiescent
current (160pA typical). The quiescent current ofthe MIC2937A
increases only slightly in dropout, thus prolonging battery life.
Key MIC2937A features include protection against reversed
battery, fold-back current limiting, and automotive “load dump”
protection (60V positive transient).

The MIC2937 is available in several configurations. The
MIC2937A-xx devices are three pin fixed voltage regulators
with 3.3V, 5V, and 12V outputs available. The MIC29371 is a
fixed regulator offering logic compatible ON/OFF switching
input and an error flag output. This flag may also be used as
a power-on reset signal. A logic-compatible shutdown inputis
provided on the adjustable MIC29372, which enables the
regulator to be switched on and off.

Features

e High output voltage accuracy

e Guaranteed 750mA output

e Low quiescent current

e Low dropout voltage

e Extremely tight load and line regulation

e Very low temperature coefficient

e Current and thermal limiting

e Input can withstand —20V reverse battery and +60V
positive transients

e Error flag warns of output dropout

e Logic-controlled electronic shutdown

e Output programmable from 1.24V to 26V(MIC29372)

e Available in TO-220, TO-263, TO-220-5, and TO-263-5
packages.

Applications

e Battery Powered Equipment

e Cellular Telephones

e Laptop, Notebook, and Palmtop Computers

+ PCMCIAV_. and V,, Regulation/Switching

e Bar Code Scanners

e Automotive Electronics

e SMPS Post-Regulator/ DC to DC Modules

e High Efficiency Linear Power Supplies

Pin Configuration

N

ikl

INPUT GROUND OUTPUT

TO-263 Package
(MIC2937A-xxBU)

it

TO-263-5 Package
(MIC29371/29372BU)

Five Lead Package Pin Functions:

MIC29371 MIC29372
1) Error Adjust
2) Input Shutdown
3) Ground Ground
4) Output Input
5) Shutdown Output

The TAB is Ground on the TO-220 and TO-263 packages.

O O

1 2 3
INPUT GROUND OUTPUT

TO-220 Package
(MIC2937A-xxBT)

TO-220-5 Package
(MIC29371/29372BT)
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Ordering Information Absolute Maximum Ratings
- If Military/Aerospace specified devices
Part Number Voltage [Temperature Range Package are required, contact your local Micrel
MIC2937A-3.3BU 3.3 —40°C to +125°C TO-263-3 representative/distributor for availability
and specifications.
MIC2937A-3.3BT 3.3 —-40°C to +125°C TO-220 o i
Power Dissipation (Note 1) .............. Internally Limited
MIC2937A-5.0BU 5.0 —40°C to +125°C TO-263-3 Lead Temperature (Soldering, 5 seconds) ........ 260°C
° ° Storage Temperature Range ............ —65°C to +150°C
MIC2937A-5.0BT 5.0 —-40°C to +125°C TO-220 Operating Junction Temperature Range
° o | TA 99 9 | —40°C to +125°C
MIC2937A-12BU 12 —40°C to +125°C TO-263-3 TO-220 B oo 2 5°CAW
MIC2937A-12BT 12 —40°C to +125°C TO-220 | TO2638ic it 2.5°CIW
Input Supply Voltage ...........cccuv..... ..—20V to +60V
MIC29371-3.3BT 3.3 —40°C to +125°C TO-220-5 Operating Input Supply Voltage .................. 2V'to 26V
Adjust Input Voltage (Notes 9 and 10)
MIC29371-3.3BU 3.3 —-40°C to +125°C TO-263-5 | s -1.5V to +26V
Shutdown Input Voltage ..........cccceeevenenne —-0.3V to +30V
MIC29371-5.0BT 5.0 —40°C to +125°C TO-220-5 Error Comparator Output Voltage .......... —0.3V to +30V
MIC29371-5.0BU 5.0 —-40°C to +125°C TO-263-5
° ° T Across the full operating temperature, the minimum
MIC29371-12BT 12 —40°C to +125°C T0-220-5 input voltage range for full output current is 4.3V to 26V.
. _A0° o . _ Output will remain in-regulation at lower output voltages
MIC29371-12BU 12 40°C to +125°C T0-263-5 and low current loads down to an input of 2V at 25°C.
MIC29372BT Adj —-40°C to +125°C TO-220-5
MIC29372BU Adj —40°C to +125°C TO-263-5

* Junction temperatures
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Electrical Characteristics

Limits in standard typeface are for T, = 25°C and limits in boldface apply over the full operating temperature range.
Unless otherwise specified, V, =V, + 1V, | =5mA, C = 10uF. The MIC29372 are programmed for a 5V output voltage,

ouT

and Vg, rpown < 0.6V (MIC29271-xx and MIC29372 only).
Symbol Parameter Conditions Min Typical Max Units
vV, Output Voltage Variation from factory trimmed V. -1 1 %
Accuracy —2 2
5mA <1 < 500mA -2.5 25
MIC2937A-12 and 29371-12 only: -1.5 15
-3 3
5mA <1 <500mA -4 4
AV Output Voltage (Note 2) 20 100 | ppm/°C
AT Temperature Coef. Output voltage > 10V 80 350
AV, Line Regulation Viy = Vour 1V to 26V 0.03 0.10 %
vV, 0.40
Avg Load Regulation I, =5 to 500mA 0.04 0.16 %
vV, (Note 3) 0.30
V=V, Dropout Voltage I, =5mA 80 150 mV
(Note 4) 180
[, =100mA 200
Output voltage > 10V 240
I, =500mA 300
Output voltage > 10V 420
I =750mA 370 600
750
leno Ground Pin Current | I = 5mA 160 250 HA
(Note 5) 300
I, =100mA 1 25 mA
3
I, =500mA 8 13
16
I, =750mA 15 25
lenooo Ground Pin V,, = 0.5V less than designed V . 200 500 HA
Current at Dropout | (V,; = 3.3V)
(Note 5) I, =5mA
i Current Limit Vour =0V 11 15 A
(Note 6) 2
AV, Thermal Regulation | (Note 7) 0.05 0.2 %/W
AP,
e, Output Noise C, = 10uF 400 MV RMS
Voltage
(10Hz to 100kHz) C, = 100uF 260
I, =100mA
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Electrical Characteristics  (Continued)
MIC29372
Parameter Conditions Min Typical Max Units
Reference Voltage 1.223 1.235 1.247 \%
1.210 1.260 V max
Reference Voltage (Note 8) 1.204 1.266 \%
Adjust Pin 20 40 nA
Bias Current 60
Reference Voltage (Note 7) 20 ppm/°C
Temperature
Coefficient
Adjust Pin Bias 0.1 nA/°C
Current Temperature
Coefficient
Error Comparator MIC29371
Output Leakage Vou= 26V 0.01 1.00 HA
Current 2.00
Output Low Vi =45V 150 250 mV
Voltage loL = 2500A 400
Upper Threshold (Note 9) 40 60 mV
Voltage 25
Lower Threshold (Note 9) 75 95 mV
Voltage 140
Hysteresis (Note 9) 15 mV
Shutdown Input MIC29371/MIC29372
Input Logic Voltage 1.3 \%
Low (ON) 0.7

High (OFF) 2.0
Shutdown Pin Veuutoown = 24V 30 50 HA
Input Current 100

Veuutoown = 26V 450 600 HA

750

Regulator Output (Note 10) 3 10 HA
Current in Shutdown 20

June 1997
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Note 1:  Absolute maximum ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not
apply when operating the device outside of its rated operating conditions. The maximum allowable power dissipation is a function of the
maximum junction temperature, T, MAX)? the junction-to-ambient thermal resistance, 6,,, and the ambient temperature, T,. The maximum
allowable power dissipation at any ambient temperature is calculated using: P = (TJ(MAX)— T,)/6,, Exceeding the maximum allowable
power dissipation will result in excessive die temperature, and the regulator will go into thermal shutdown.

Note 2:  Output voltage temperature coefficient is defined as the worst case voltage change divided by the total temperature range.
Note 3:  Regulation is measured at constant junction temperature using low duty cycle pulse testing. Changes in output voltage due to
heating effects are covered by the thermal regulation specification.

Note 4:  Dropout Voltage is defined as the input to output differential at which the output voltage drops 100 mV below its nominal value
measured at 1V differential. At low values of programmed output voltage, the minimum input supply voltage of 4.3V over temperature must
be taken into account. The MIC2937A operates down to 2V of input at reduced output current at 25°C.

Note 5:  Ground pin current is the regulator quiescent current. The total current drawn from the source is the sum of the load current plus
the ground pin current.

Note 6:  The MIC2937A family features fold-back currentlimiting. The shortcircuit (V
with normal output voltage.

Note 7:  Thermal regulation is defined as the change in output voltage at a time T after a change in power dissipation is applied, excluding
load or line regulation effects. Specifications are for a 200mA load pulse at V, = 20V (a 4W pulse) for T = 10ms.

Note 8: Vo sV ,r=(Vy—1V), 43V<V £26V,5mA<| <750 mA, T)<T .

Note 9:  Comparator thresholds are expressed in terms of a voltage differential at the Adjust terminal below the nominal reference voltage
measured at 6V input (for a 5V regulator). To express these thresholds in terms of output voltage change, multiply by the error amplifier gain
=Vour Veer = (R1+R2)/R2. For example, at a programmed output voltage of 5V, the Error output is guaranteed to go low when the output
drops by 95 mV x 5V/1.235 V = 384 mV. Thresholds remain constant as a percent of VouT as VourT is varied, with the dropout warning

occurring at typically 5% below nominal, 7.7% guaranteed.
Note 10: Circuit of Figure 3 with R1 = 150kQ. V¢, i1pown 2 2V and V, < 26V,V .. = 0.

Note 11: When used in dual supply systems where the regulator load is returned to a negative supply, the output voltage must be diode
clamped to ground.

Note 12: Maximum positive supply voltage of 60V must be of limited duration (< 100ms) and duty cycle ( < 1%). The maximum continuous
supply voltage is 26V.

=0V) currentlimitis less than the maximum current

Schematic Diagram

R18
izokn J
Q24

![ LIQZS

pal—y
I
R27

V TAP

% R28

J R21 8Q

t w w )
r % R4 R23 60 kQ

LN
R22
150kQ 50kQ

. DENOTES CONNECTION ON
MIC2937A-xx AND MIC29371-xx
VERSIONS ONLY
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Typical Characteristics
Dropout Voltage Dropout Voltage Dropout
p g p
vs. Output Current vs. Temperature Characteristics
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MIC29371/2 Shutdown Current
vs. Temperaure Load Transient Load Transeint
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Applications Information

External Capacitors

A 10upF (or greater) capacitor is required between the
MIC2937A output and ground to prevent oscillations due to
instability. Most types of tantalum or aluminum electrolytics
will be adequate; film types will work, but are costly and
therefore not recommended. Many aluminum electrolytics
have electrolytes thatfreeze atabout—30°C, so solid tantalums
are recommended for operation below —25°C. The important
parameters of the capacitor are an effective series resistance
of about 5Q or less and a resonant frequency above 500kHz.
The value of this capacitor may be increased without limit.

At lower values of output current, less output capacitance is
required for output stability. The capacitor can be reduced to
0.5uF for current below 10mA or 0.15uF for currents below
1 mA. Adjusting the MIC29372 to voltages below 5V runs the
error amplifier at lower gains so that more output capacitance
is needed. For the worst-case situation of a 750mA load at
1.23V output (Output shorted to Adjust) a 22uF (or greater)
capacitor should be used.

The MIC2937A/29371 willremainin regulation with a minimum
load of 5mA. When setting the output voltage of the MIC29372
version with external resistors, the current through these
resistors may be included as a portion of the minimum load.

A 0.1uF capacitor should be placed from the input to ground
if there is more than 10 inches of wire between the input and
the AC filter capacitor or if a battery is used as the input.

Error Detection Comparator Output (MIC29371)

Alogic low output will be produced by the comparator whenever
the MIC29371 output falls out of regulation by more than
approximately 5%. This figure is the comparator’s built-in
offset of about 75mV divided by the 1.235V reference voltage.
(Refer to the block diagram on Page 1). This trip level remains
“5% below normal” regardless of the programmed output
voltage of the MIC29371. For example, the error flag trip level
istypically 4.75V fora5V outputor 11.4V fora 12V output. The
out of regulation condition may be due either to low input
voltage,extremely high inputvoltage, currentlimiting, orthermal
limiting.

Figure 1 is a timing diagram depicting the ERROR signal and
the regulated output voltage as the MIC29371 inputis ramped
up and down. The ERROR signal becomes valid (low) at
about 1.3V input. It goes high at about 5V input (the input
voltage at which V . =4.75). Since the MIC29371’s dropout
voltage is load-dependent (see curve in Typical Performance
Characteristics), the input voltage trip point (about 5V) will
vary with the load current. The output voltage trip point
(approximately 4.75V) does not vary with load.

The error comparator has an NPN open-collector output
which requires an external pull-up resistor. Depending on
system requirements, this resistor may be returned to the 5V
output or some other supply voltage. In determining a value
for this resistor, note that while the output is rated to sink
250pA, this sink current adds to battery drain in a low battery
condition. Suggested values range from 100k to 1IMQ. The
resistor is not required if this output is unused.

Programming the Output Voltage (MIC29372)

The MIC29372 may programmed for any output voltage
betweenits 1.235V reference and its 26V maximum rating. An
external pair of resistors is required, as shown in Figure 3.

The complete equation for the output voltage is

Vour = Vage X{1+R/R2} — |1l R,

F

where V,__is the nominal 1.235 reference voltage and I is
the Adjust pin bias current, nominally 20nA. The minimum
recommended load current of 1uA forces an upper limit of
1.2MQ on the value of R,, if the regulator must work with no
load (a condition often found in CMOS in standby), I, will
produce a—2% typical error in V .. which may be eliminated
at room temperature by trimming R,. For better accuracy,
choosing R, =100k reducestthis errorto 0.17% while increasing
the resistor program current to 12uA. Since the MIC29372
typically draws 100pA at no load with SHUTDOWN open-
circuited, this is a negligible addition.

Reducing Output Noise

In reference applications it may be advantageous to reduce
the AC noise present at the output. One method is to reduce
the regulator bandwidth by increasing the size of the output
capacitor. This is relatively inefficient, as increasing the
capacitor from 1uF to 220uF only decreases the noise from
430pV to 160uV,,,. for a 100kHz bandwidth at 5V output.
Noise can be reduced by a factor of four with the adjustable

4.75V,
OUTPUT
VOLTAGE

ERROR NOT* NOT™
VALID VALID
INPUT 4_\
VOLTAGE

1.3V

* SEE APPLICATIONS INFORMATION
Figure 1. ERROR Output Timing
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MIC2937A/29371/29372

Micrel

regulators with a bypass capacitor across R , since itreduces
the high frequency gain from 4 to unity. Pick

Ceveass O — 1

2TIR1 « 200 Hz

or about 0.01pF. When doing this, the output capacitor must
be increased to 10uF to maintain stability. These changes
reduce the output noise from 430uV to 100uV,,,. for a 100
kHz bandwidth at 5V output. With the bypass capacitor
added, noise no longer scales with output voltage so that
improvements are more dramatic at higher output voltages.

Automotive Applications

The MIC2937A is ideally suited for automotive applications
for a variety of reasons. It will operate over a wide range of
input voltages with very low dropout voltages (40mV at light
loads), and very low quiescent currents (LOOpA typical).
These features are necessary for use in battery powered
systems, such as automobiles. Itis a “bulletproof” device with
the ability to survive both reverse battery (negative transients
up to 20V below ground), and load dump (positive transients
up to 60V) conditions. A wide operating temperature range
with low temperature coefficients is yet another reason to use
these versatile regulators in automotive designs.

Typical Applications

ViN

+VIN

\Y,

OUT] vV =5V

ouT

—~ 10uF

I E

Figure 2. MIC2937A-5.0 Fixed +5V Regulator

+VIN

VIN
VouT =VIN
VouT

GND ADJUST

1 L

*MINIMUM INPUT-OUTPUT VOLTAGE RANGES FROM 40mV TO 400mV,
DEPENDING ON LOAD CURRENT.

Figure 4. MIC29372 Wide Input Voltage Range Current Limiter

+VIN

100kQ

VIN VouT
ERROR ERROR VouT 1.2V — 26V
OUTPUT
SHUTDOWN | spiytpown = oo
INPUT
OFF Ry (100
I GND ADJUST T |pF
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L 1.23V 1
N =
V. v 1+ Ruy VREF iRz
= + —
ouT =VREFX(1+ &) 1 L
ERROR OUTPUT ON MIC29373 ONLY
SHUTDOWN INPUT ON MIC29372 ONLY
Figure 3. MIC29372 Adjustable Regulator
+5V to +7V
VIN Vce OuT
SHUTDOWN VouT|— —0
INPUT - 6 SHUTDOWN
OFF +
oN I 100pF | 300kQ 10uF
GND  ADJUST 1% I

L

220kQ g 180kQ
I sv 470 kQ 1% 1%
o =
ssv M 2N2222
Input Output
0 3.3v

1 5.0v

SHUTDOWN PIN LOW= ENABLE OUTPUT. Q1 ON = 3.3V, Q1 OFF =5.0V.

Figure 5. MIC29372 5.0V or 3.3V Selectable Regulator with
Shutdown.

3-26

June 1997



FEATURES

Stable with Wide Range of Output Capacitors
Operating Current: 45LA

Shutdown Current: 10pA

Adjustable Current Limit

Positive or Negative Shutdown Logic

Low Voltage Linear Dropout Characteristics
Fixed 5V and Adjustable Versions

Tolerates Reverse Qutput Voltage

APPLICATIONS

Analog Systems

Modems

Instrumentation

A/D and D/A Converters
Interface Drivers
Battery-Powered Systems

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.

| l ’ \D LT11/75

TECHNOLOGY

500mA Negative
Low Dropout Micropower
Regulator

DESCRIPTION

The LT®1175 is a negative micropower low dropout regu-
lator. It features 45pA quiescent current, dropping to 10pA
in shutdown. A new reference amplifier topology gives
precision DC characteristics along with the ability to
maintain good loop stability with an extremely wide range
of output capacitors. Very low dropout voltage and high
efficiency are obtained witha unique power transistor anti-
saturation design. Adjustable and fixed 5V versions are
available.

Several new features make the LT1175 very user-friendly.
The Shutdown pin can interface directly to either positive
or negative logic levels. Current limit is user-selectable at
200mA, 400mA, 600mA and 800mA. The output can be
forced to reverse voltage without damage or latchup.
Unlike some earlier designs, the increase in quiescent
current during a dropout condition is actively limited.

The LT1175 has complete blowout protection with current
limiting, power limiting and thermal shutdown. Special
attention was given to the problem of high temperature
operation with micropower operating currents, preventing
output voltage rise under no-load conditions. The LT1175
is available in 8-pin PDIP and SO packages, 3-lead SOT-
223 as well as 5-pin surface mount DD and through-hole
T0-220 packages. The 8-pin SO package is specially
constructed for low thermal resistance.

TYPICAL APPLICATION

Typical LT1175 Connection

P

L~
| L ooy

=T =0.1pF

=

Cin*

—

: SHDN  GND

-5V
Vi ——] INPUT SENSE UP T0 500mA

¢-lume LT1175-5 OUT
1

== ILim4

*Cyn IS NEEDED ONLY IF REGULATOR IS MORE THAN 6" FROM
INPUT SUPPLY CAPACITOR. SEE APPLICATIONS INFORMATION
SECTION FOR DETAILS 175 TA01

Minimum Input-to-Output Voltage

T T T
T =25
ILim2, ILima TIED TO Viy

INPUT-TO-OUTPUT VOLTAGE (V)

LT

0 01 02 03 04 05 06 07
OUTPUT GURRENT (A)

1175 TAO2
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LT1175

ABSOLUTE MAXIMUM RATINGS

Input Voltage (Transient 1 sec, Note 10) ................ 25V SHDN Pin to V) Pin Voltage ........c.cococu......... 30V, -5V
Input Voltage (Continuous).........cceeeerrereererrenennnne 20V Operating Junction Temperature Range
Input-to-Output Differential Voltage (Note 11)......... 20V LT1175C . 0°C to 125°C
5V Sense Pin (with Respect to GND Pin)........ 2V, =10V LTA1750 e -40°C to 125°C
ADJ Sense Pin Ambient Operating Temperature Range
(with Respect to Output Pin) ........cc.c....... 20V, -0.5V LTI175C oo, 0°Cto 70°C
5V Sense Pin LTIA75] e -40°C to0 85°C
(with Respect to Output Pin) ........cccceeeee 20V, -7V  Storage Temperature Range.................. -65°C to 150°C
Output Reverse VORAQe .........cooeveveveeeeececceeee 2V Lead Temperature (Soldering, 10 Sec).................. 300°C
SHDN Pin to GND Pin Voltage ...................... 15V, =20V
TOP VIEW ORDER FRONT VIEW ORDER FRONT VIEW ORDER
wi  — [E PART NUMBER si——smon | PART NUMBER [1leno | PART NUMBER
lumz [2] 7] II.Iﬂ TA|B O g % FNNP[EJT mELﬁ 2] viy
oureuT (3] [6] SOV | | T1175CN8 | ™MPUT de——smse | LT11750Q LT1175CST-5
SENSE [4] 5] ano LT1175CN8-5 LT1175CQ-5 [3] outPut | T1175|ST-5
N8 PACKAGE LT1175IN8 5-LE§I§ /;ET\Q%EC 0D LT11751Q ST PACKAGE
8-LEAD PDIP . l LT1 1 75'0'5 3-LEAD PLASTIC SOT-223
LT1175IN8-5 844 = 27°C/W TO 60°C/W DEPENDING .
83 = 80°C/W TO 120°C/W DEPENDING ON PC MOUNTING. SEE DATA SHEET By = 50°C/W WITH BACKPLANE
ON PC BOARD LAYOUT FOR DETAILS O TarSDELAND
ORDER ORDER
TOP VIEW P e ARE NTERNALLY PART NUMBER FRONT VIEW - PART NUMBER
= U Shiong oo, LT1175CS8 T LT1175CT
Iume [2] [7]1 T
et [5 BE I LTH75088-5 O " | mines
SENSE [4] [5]6GND  PINS 1, 8 SHOULD BE LT11751S8 F————outpur LT1175IT
CONNEGTED TO AN LT11751S8-5 e LT1175IT-5
8-L§§Dpéfrgﬁg S0 E)\(/FE]/;NADNE ?N#éﬁﬁﬂ* gg . 5-LEAJ F}:I.AACSKﬁgE'O-QZO
654 = 60°C/W TO 100°C/W DEPENDING gégﬁ%gﬁgﬁ%ﬁs 58 PART MARKING 84 = 50°C/W, B¢ = 5°C/W
ON PC BOARD LAYOUT INFORMATION 1 1 75 1 1 75|
11755 117515

Consult factory for Military grade parts.

ELECTRICAL CHARACTERISTICS

Voutr =5V; Vin =7V, lgyr = 0, Vsupn = 3V, Iim2 and Ipwg tied to Vi, Ty = 25°C, unless otherwise noted. To avoid confusion with
“min” and “max” as applied to negative voltages, all voltages are shown as absolute values except where polarity is not obvious.

PARAMETER CONDITIONS MIN TYP MAX UNITS

Feedback Sense Voltage Adjustable Part 3.743 3.8 3.857 V

Fixed 5V Part 4.93 5.0 5.075 vV

Output Voltage Initial Accuracy Adjustable, Measured at 3.8V Sense 0.5 1.5 %

Fixed 5V 0.5 15 %

Output Voltage Accuracy (All Conditions) Vin = Vout = 1V to V) = 20V, Igyt = OA to 500mA . 1.5 2.5 %
P =010 Pyax, Ty = Tmin 10 Tpax (Note 2)

Quiescent Input Supply Current Vin = Vour s 12V 45 65 PA

o 80 pA

2
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LT1175

ELECTRICAL CHARACTERISTICS

Vour=5V; Vin =7V, lgyr = 0, Vsupn = 3V, Iim2 and Ipywg tied to Vi, Ty =25°C, unless otherwise noted. To avoid confusion with
“min” and “max” as applied to negative voltages, all voltages are shown as absolute values except where polarity is not obvious.

PARAMETER CONDITIONS MIN TYP MAX UNITS
GND Pin Current Increase with Load (Note 3) o 10 20 pA/mA
Input Supply Current in Shutdown Vsnpn = 0V 10 20 PA
. 25 pA

Shutdown Thresholds (Note 8) Either Polarity on Shutdown Pin . 0.8 2.5 V
Shutdown Pin Current (Note 1) Vsupn = 0V to 10V (Flows Into Pin) o 4 8 pA
Vshpn = =15V to OV (Flows Into Pin) 1 4 PA

Output Bleed Current in Shutdown (Note 5) Vour =0V, Vjy =15V 0.1 1 PA
. 1 5 pA

Sense Pin Input Current (Adjustable Part Only, Current Flows Out of Pin) o 75 150 nA
(Fixed Voltage Only, Current Flows Out of Pin) o 12 20 PA

Dropout Voltage (Note 6) lgut = 25mA . 0.1 0.2 v
lgut = 100mA . 0.18 0.26 v

lout = 500mA . 0.5 0.7 Vv

ILim2 Open, Igyt = 300mA ° 0.33 0.5 v

||_||\/|4 Open, lOUT =200mA o 0.3 0.45 v

ILim2, L4 Open, IOUT =100mA [ 0.26 0.45 v

Current Limit (Note 10) Vin—Vour=1Vto 12V . 520 800 mA
ILim2 Open . 390 600 mA

I.1m4 Open o 260 400 mA

ILim2, ILima Open . 130 200 mA

Line Regulation (Note 9) Vin—Vour =1V to Viy =25V . 0.003  0.015 %/V
Load Regulation (Note 4, 9) lgyt = 0 to 500mA o 0.1 0.35 %
Thermal Regulation P = 0to Pyax (Notes 2, 7) 5-Pin Packages 0.04 0.1 %/W
8-Pin Packages 0.1 0.2 %/ W

Output Voltage Temperature Drift Ty =25°C to Tymn, or 25°C to Tyyax 0.25 1.25 %

The o denotes specifications which apply over the operating temperature
range.

Note 1: Shutdown pin maximum positive voltage is 30V with respect to
—Vy and 15V with respect to GND. Maximum negative voltage is —20V
with respect to ground and —5V with respect to V.

Note 2: Pyax = 1.5W for 8-pin packages, and 6W for 5-pin packages. This
power level holds only for input-to-output voltages up to 12V, beyond
which internal power limiting may reduce power. See Guaranteed Current
Limit curve in Typical Performance Characteristics section. Note that all
conditions must be met.

Note 3: Ground pin current increases because of power transistor base
drive. At low input-to-output voltages (< 1V) where the power transistor is
in saturation, Ground pin current will be slightly higher. See Typical
Performance Characteristics.

Note 4: With I, gap = 0, at T; > 125°C, power transistor leakage could
increase higher than the 10pA to 25pA drawn by the output divider or fixed
voltage Sense pin, causing the output to rise above the regulated value. To
prevent this condition, an internal active pull-up will automatically turn on,
but supply current will increase.

Note 5: This is the current required to pull the output voltage to within 1V
of ground during shutdown.

Note 6: Dropout voltage is measured by setting the input voltage equal to
the normal regulated output voltage and measuring the difference between

Vi and Voyr. For currents between 100mA and 500mA, with both I
pins tied to V), maximum dropout can be calculated from

Vo =0.15+1.1Q (Igyr).

Note 7: Thermal regulation is a change in the output voltage caused by die
temperature gradients, so it is proportional to chip power dissipation.
Temperature gradients reach final value in less than 100ms. Output
voltage changes after 100ms are due to absolute die temperature changes
and reference voltage temperature coefficient.

Note 8: The lower limit of 0.8V is guaranteed to keep the regulator in
shutdown. The upper limit of 2.5V is guaranteed to keep the regulator
active. Either polarity may be used, referenced to Ground pin.

Note 9: Load and line regulation are measured on a pulse basis with pulse
width of 20ms or less to keep chip temperature constant. DC regulation
will be affected by thermal regulation (Note 7) and chip temperature
changes. Load regulation specification also holds for currents up to the
specified current limit when I m2 or I 4 are left open.

Note 10: Current limit is reduced for input-to-output voltage above 12V.
See the graph in Typical Performance Characteristics for guaranteed limits
above 12V.

Note 11: Operating at very large input-to-output differential voltages
(>15V) with load currents less than S5mA requires an output capacitor with
an ESR greater than 1Q to prevent low level output oscillations.
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LT1175

TYPICAL PERFORMANCE CHARACTERISTICS

Typical Current Limit
Characteristics "r

1. 1
0 CURRENT LIMIT CHANGES ONLY SLIGHTLY

WITH TEMPERATURE SO CURVES ARE
REPRESENTATIVE OF ALL TEMPERATURES

0.8 : :
[lL.Mz, IL TIED TO Vi

woll L
[ ILiva TIED TO Vi h
S\
ILim2 TIED TO Vi \
\\
~—_

CURRENT (A)

0.4

|
0 ILimz, ILima OPEN N

0
0 5 10 15 2 5
INPUT-TO-OUTPUT DIFFERENTIAL VOLTAGE (V)

1175 GO1

\
\
——
0 2

Minimum Input-to-Output Voltage

T T
Ty=25°C
Vi REDUCED
0.8 | UNTIL OUTPUT
VOLTAGE
DROPS 1%

0.6 1 1
ILim2, ILim4
OPEN

04—~
%/

0.2 T1Lim2, ILiva
TIED TO Vi

ILimo TIED
TO Vi

A /
ILima TIED
TOViy

INPUT-TO-OUTPUT VOLTAGE (V)

0 |
0 01 02 03 04 05 06 07
OUTPUT CURRENT (A)
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Shutdown Input Current

25

20

Ty =25°C
T)=125°

T)=-55°C

INPUT CURRENT (1A)

0 5 10 15 20 25
INPUT VOLTAGE (V)

1175 GO7

CURRENT (A)

INPUT-TO-OUTPUT VOLTAGE (V)

THRESHOLD (V)

Guaranteed Current Limit

0.6 i i ‘
0.5 A\ GUARANTEED A
LIMITS AT ALL
0.4 | ILima TIED TO Vi TEMPERATURES
0.3 [~ I m2 TIED TO V}y
0.2
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0.1 ~ —
\\
0
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0.2
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15
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Minimum Input-to-Output Voltage

T T T T
Vin REDUCED UNTIL OUTPUT
VOLTAGE DROPS 1%.
‘ //
[ é L~
Ty=125° /
Ty=25°C
= Ty=-55°C
0 01 02 03 04 05 06 07

OUTPUT CURRENT (A)

1175 GOS

Shutdown Thresholds
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S~ \
\
\ \\
~
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§
DEVICE IS OFF
BEL‘OW TI-‘IRESH(‘)LD
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Output Voltage Temperature Drift
5.05 T T

OUTPUT
FIXED 5V PART
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ADJUSTABLE PART

\\
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Sense Bias Current
(Adjustable Part)
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40

CURRENT (nA)
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TEMPERATURE (°C)
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Shutdown Pin Characteristics

15 T T

Vin =25V

CHARACTERISTICS DO NOT

| CHANGE SIGNIFICANTLY WITH
TEMPERATURE, SO A SINGLE

CURVE IS SHOWN. POSITIVE

CURRENT FLOWS INTO

- SHDN PIN

1

o

(3,1

PIN CURRENT (1A)
o

T
F\ IF SHDN PIN IS NEGATIVE WITH
RESPECT TO INPUT VOLTAGE AND
" INPUT VOLTAGE IS LESS THAN 15V, —
NEGATIVE BREAKOVER POINT WILL
BE ABOUT 8V BELOW —Viy
| | | | | | | |
~25-20-15-10 -5 0 5 10 15 20 25
SHUTDOWN TO GROUND VOLTAGE (V)

1175 G09

I
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TYPICAL PERFORMANCE CHARACTERISTICS

Ground Pin Current
20

16

12

POWER

ViN - Vour =2V
TRANSISTOR Ty=25° d
— IN DROPOUT v
T) = -55°C Pz
=25 Con] / 1~

4 // A 4
—
24 Vin—Vour=3V
0 Ty=25°C

0 01 02 03 04 05 06 07
OUTPUT CURRENT (A)

GROUND PIN CURRENT (mA)

1175 G10

Ripple Rejection
100 H T T T TTIT 1

yA[L)JJTu_STABLE)
puml
80 P ~\\< WITH 0.14F ACROSS
m \\\ DIVIDER RESISTOR
g NONCRE
= 60 N1 Vour = 5V 171
= N * ouT =
3 N N (FIXED)
] Vour=12VN] X |
w
= 40 [~(ADJUSTABLE) N
SN\
20 [~ 1gyT = 100mA NS Z
Vin—Vour = 2V ™~
Cout = 1F TANT
0 | L 11l | 1111

10 100 1k 10k 100k 1M
FREQUENCY (Hz)

RIPPLE REJECTION IS RELATIVELY INDEPENDENT OF
INPUT VOLTAGE AND LOAD FOR CURRENTS BETWEEN
25mA AND 500mA. LARGER OUTPUT CAPACITORS DO
NOT IMPROVE REJECTION FOR FREQUENCIES BELOW
50kHz. AT VERY LIGHT LOADS, REJECTION WILL
IMPROVE WITH LARGER OUTPUT CAPACITORS 1175611

PIN FUNCTIONS

SENSE Pin: The Sense pinis used inthe adjustable version
to allow custom selection of output voltage, with an
external divider setto generate 3.8V at the Sense pin. Input
bias current is typically 75nA flowing out of the pin.
Maximum forced voltage on the Sense pinis 2V and -10V
with respect to Ground pin.

The fixed 5V version utilizes the Sense pin to give true
Kelvin connections to the load or to drive an external pass
transistor for higher output currents. Bias current out of
the 5V Sense pin is approximately 12pA. Separating the
Sense and Output pins also allows for anew loop compen-
sation technique described in the Applications Informa-
tion section.

SHDN Pin: The Shutdown pin is specially configured to
allow it to be driven from either positive voltage logic or
with negative only logic. Forcing the Shutdown pin 2V
eitherabove or below the Ground pin will turnthe regulator
on. This makes it simple to connect directly to positive
logic signals for active low shutdown. If no positive
voltages are available, the Shutdown pin can be driven
below the Ground pin to turn the regulator on. When left
open, the Shutdown pin will default low to a requlator “on

condition. For all voltages below absolute maximum rat-
ings, the Shutdown pin draws only a few microamperes of

current (see Typical Performance Characteristics). Maxi-
mum voltage on the Shutdown pin is 15V, =20V with
respecttothe Ground pinand 35V,-5V with respect to the
negative Input pin.

ILim Pins: The two Current Limit pins are emitter sections
of the power transistor. When left open, they float several
hundred millivolts above the negative input voltage. When
shorted to the input voltage, they increase current limit by
aminimum of 200mAfor I ;2 and 400mAfor I 4. These
pins must be connected only to the input voltage, either
directly or through a resistor.

OUTPUT Pin: The Output pin is the collector of the NPN
power transistor. It can be forced to the input voltage, to
ground or up to 2V positive with respect to ground without
damage or latchup (see Output Voltage Reversal in Appli-
cations Information section). The LT1175 has foldback
current limit, so maximum current at the Output pin is a
function of input-to-output voltage. See Typical Perfor-
mance Characteristics.

GND Pin: The Ground pin has a quiescent current of 45pA
at zero load current, increasing by approximately 10pA per
mA of output current. At500mA output current, Ground pin
current is about 5mA. Current flows into the Ground pin.

LY N
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LT1175

APPLICATIONS INFORMATION

Note to Reader: To avoid confusion when working with
negative voltages (is—6V more or less than—5V?), I have
decided to treat the LT1175 as if it were a positive
regulatorand expressall voltages as positive values, both
intextandinformulas. If you do the same and simply add
anegative sign to the eventual answer, confusion should
be avoided. Please don’t give me a hard time about
“preciseness” or “correctness.” I have tofield phone calls
from around the world and this is my way of dealing with
a multitude of conventions. Thanks for your patience.

Setting Output Voltage

The LT1175 adjustable version has a feedback sense
voltage of 3.8V with a bias current of approximately 75nA
flowing out of the Sense pin. To avoid output voltage
errors caused by this current, the output divider string
(see Figure 1) should draw about 25pA. Table 1 shows
suggested resistor values for a range of output voltages.
The second part of the table shows resistor values which
draw only 10pA of current. Output voltage error caused by
bias current with the lower valued resistors is about 0.4%
maximum and with the higher values, about 1% maxi-
mum. Aformulais also shown for calculating the resistors
for any output voltage.

Table 1
OUTPUT R1 R2 R1 R2
VOLTAGE | Iy = 250A | NEAREST 1% Ipy=10pA | NEAREST 1%
5V 150k 47.5k 383k 121k
6V 150k 86.6k 383k 221k
8V 150k 165k 383k 422k
10V 150k 243k 383k 619
12v 150k 324K 383k 825k
15V 150k 442k 383k 1.13M
Ri1= ﬂ
Ipiy
Ri(Vour -3.8V) [
R2 = (Slmple formula)
3.8V

_ R1(VOUT ‘3-3V) Craking Sense pin biasC
3.8V + R1(IFB) Fburrent into account 0
Iy =Desired divider current

The LT1175-5 is a fixed 5V design with the Sense pin
acting as a Kelvin connection to the output. Normally the
Sense pin and the Output pin are connected directly
together, either close to the regulator or at the remote load
point.

SHUTDOWN — >2VOR<-2VTO
LOGIC — / TURN REGULATOR ON

) ¢
R
— c +1 R1 -
= tnI = 3083k
1 SHDN  GND 1%
. Cout

INPUT SENSE

+--- Iy LT1175-5 31302/51(
:. ouT 0 Vour

==1lLima

Figure 1. Typical LT1175 Adjustable Connection

Setting Current Limit

The LT1175 uses two I pins to set current limit (typical)
at 200mA, 400mA, 600mA or 800mA. The corresponding
minimumguaranteed currentsare 130mA, 260mA, 390mA
and 520maA. This allows the user to select a current limit
tailored to his specific application and prevents the situa-
tion where short-circuit current is many times higher than
full-load current. Problems with input supply overload or
excessive power dissipation in a faulted load are pre-
vented. Power limiting in the form of foldback current limit
is built-in and reduces current limit as a function of input-
to-output voltage differential for differentials exceeding
14V. See the graphin Typical Performance Characteristics.
The LT1175 is guaranteed to be blowout-proof regardless
of current limit setting. The power limiting combined with
thermal shutdown protects the device from destructive
junction temperatures under all load conditions.

Shutdown

In shutdown, the LT1175 draws only about 10pA. Special
circuitry is used to minimize increases in shutdown cur-
rent at high temperatures, but a slight increase is seen
above 125°C. One option not taken was to actively pull
down on the output during shutdown. This means that the
output will fall slowly after shutdown is initiated, at a rate
determined by load current plus the 12pA internal load,
and the size of the output capacitor. Active pull-down is
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normally a good thing when the regulator is used by itself,
but it prevents the user from shutting down the regulator
when a second power source is connected to the LT1175
output. If active output pull-down is needed in shutdown,
it can be added externally with a depletion mode PFET as
shown in Figure 2. Note that the maximum pinch-off
voltage of the PFET must be less than the positive logic
high level to ensure that the device is completely off when
the regulator is active. The Motorola J177 device has
300Q on resistance for zero gate source voltage.

3VTO 5V

SHDN  GND
vy ———{ InPUT SENSE

& —i e LT11755 OUT

=== ILima

* MOTOROLA J177
PINCH-OFF VOLTAGE MUST BE LESS THAN
POSITIVE LOGIC HIGH VOLTAGE 1175 F02

Figure 2. Active Output Pull-Down During Shutdown

Minimum Dropout Voltage

Dropoutvoltage is the minimum voltage required between
inputand output to maintain proper output regulation. For
older 3-terminal regulator designs, dropout voltage was
typically 1.5V to 3V. The LT1175 uses a saturating power
transistor design which gives much lower dropout volt-
age, typically 100mV at light loads and 450mV at full load.
Special precautions were taken to ensure that this tech-
nique does not cause quiescent supply current to be high
under light load conditions. When the regulator input
voltage is too low to maintain a regulated output, the pass
transistor is driven hard by the error amplifier as it tries to
maintain regulation. The current drawn by the driver
transistor could be tens of milliamperes even with little or
no load on the output. This indeed was the case for older
IC designs that did not actively limit driver current when
the power transistor saturated. The LT1175 uses a new
antisaturation technique that prevents high driver current,

yet allows the power transistor to approach its theoretical
saturation limit.

Output Capacitor

Several new regulator design techniques are used to make
the LT1175 extremely tolerant of output capacitor selec-
tion. Like most low dropout designs which use a collector
or drain of the power transistor to drive the output node,
the LT1175 uses the output capacitor as part of the overall
loop compensation. Older regulators generally required
the output capacitor to have a minimum value of 1pF to
100uF, @ maximum ESR (Effective Series Resistance) of
0.1Qto 1Q and a minimum ESR in the range of 0.03Q to
0.3Q. These restrictions usually could be met only with
good quality solid tantalum capacitors. Aluminum capaci-
tors have problems with high ESR unless much higher
values of capacitance are used (physically large). The ESR
of ceramic or film capacitors was too /ow, which made the
capacitance/ESR zero frequency too high to maintain
phase margin in the regulator. Even with optimum capaci-
tors, loop phase margin was very low in previous designs
when output current was low. These problems led to a new
design technique for the LT1175 error amplifier and inter-
nal frequency compensation as shown in Figure 3.

A conventional regulator loop consists of error amplifier
A1, drivertransistor Q2 and power transistor Q1. Added to
this basic loop are secondary loops generated by Q3 and
Cr. A DC negative feedback current fed into the error
amplifier through Q3 and Ry causes overall loop current
gain to be very low at light load currents. This is not a
problem because very little gain is needed at light loads. In
addition to low gain, the parasitic pole frequency at Q2
base is extended by the DC feedback. The combination of
these two effects dramatically improves loop phase mar-
gin at light loads and makes the loop tolerant of large ESR
in the output capacitor. With heavy loads, loop phase and
gain are not nearly as troublesome and large negative
feedback could degrade regulation. The logarithmic behav-
ior of the base emitter voltage of Q1 reduces Q3 negative
feedback at heavy loads to prevent poor regulation.

In a conventional design, even with the nonlinear feed-
back, poor loop phase margin would occur at medium to
heavy loads if the ESR of the output capacitor fell below
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Figure 3

0.3Q. This condition can occur with ceramic or film
capacitors which often have an ESR under 0.1Q. With
previous designs, the user was forced to add a real resistor
in series with the capacitor to guarantee loop stability. The
LT1175 uses a unique AC feedforward technique to elimi-
nate this problem. Cr is a conventional feedforward ca-
pacitor often used in regulators to cancel the pole formed
by the output capacitor. It would normally be connected
fromthe regulated output node to the feedback node at the
R1/R2 junction or to an internal node on the amplifier as
shown. In this case, however, the capacitor is connected
to the internal structure of the power transistor. Rg is the
unavoidable parasitic collector resistance of the power
transistor. Access to the node at the bottom of Rg is
available only in monolithic structures where Kelvin con-
nections can be made to the NPN buried collector layer.
The loop now responds as if Rg were in series with the
output capacitor and good loop stability is achieved even
with extremely low ESR in the output capacitor.

The end result of all this attention to loop stability is that
the output capacitor used with the LT1175 can range in
value from 0.1pF to hundreds of microfarads, with an ESR
from 0Q to 10Q. This range allows the use of ceramic,
solid tantalum, aluminum and film capacitors over a wide
range of values.

The optimum output capacitor type for the LT1175 is still
solid tantalum, but there is considerable leeway in select-
ing the exact unit. If large load current transients are
expected, larger capacitors with lower ESR may be needed
to control worst case output variation during transients. If
transients are notanissue, the capacitor can be chosenfor
small physical size, low price, etc. Concerns about surge
currents in tantalum capacitors are not an issue for the
output capacitor because the LT1175 limitsinrush current
to well below the level which can cause capacitor damage.
Surges caused by shorting the regulator output are also
not a problem because tantalum capacitors do not fail
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during a “shorting out” surge, only during a “charge up”
surge.

The output capacitor should be located within several
inches of the regulator. If remote sensing is used, the
output capacitor can be located at the remote sense node,
but the Ground pin of the regulator should also be con-
nected to the remote site. The basic rule is to keep Sense
and Ground pins close to the output capacitor, regardless
of where it is.

Operating at very large input-to-output differential volt-
ages (>5V) with load currents less than 5mA requires an
output capacitor with an ESR greater than 1Q to prevent
low level output oscillations.

Input Capacitor

The LT1175 requires a separate input bypass capacitor
only if the regulator is located more than six inches from
the raw supply output capacitor. A 1uF or larger tantalum
capacitor is suggested for all applications, but if low ESR
capacitors such as ceramic or film are used for the output
and input capacitors, the input capacitor should be at least
three times the value of the output capacitor. If a solid
tantalum or aluminum electrolytic output capacitor is
used, the input capacitor is very noncritical.

High Temperature Operation

The LT1175 is a micropower design with only 45pA
quiescent current. This could make it perform poorly at
hightemperatures (>125°C), where power transistor leak-
age might exceed the output node loading current (5pA to
15pA). Toavoid a condition where the output voltage drifts
uncontrolled high during a high temperature no-load
condition, the LT1175 has an active load which turns on
when the output is pulled above the nominal regulated
voltage. This load absorbs power transistor leakage and
maintains good regulation. There is one downside to this
feature, however. If the output is pulled high deliberately,
as it might be when the LT1175 is used as a backup to a
slightly higher outputfromaprimary regulator, the LT1175
will act as an unwanted load on the primary regulator.
Because of this, the active pull-down s deliberately “weak.”
It can be modeled as a 2k resistor in series with an internal
clamp voltage when the regulator output is being pulled

high. Ifa4.8V output is pulled to 5V, for instance, the load
on the primary regulator would be (5V - 4.8V)/2kQ =
100pA. This also means that if the internal pass transistor
leaks 50pA, the output voltage will be (50pA)(2kQ) =
100mV high. This condition will not occur under normal
operating conditions, but could occur immediately after
an output short circuit had overheated the chip.

Thermal Considerations

The LT1175 is available in a special 8-pin surface mount
package which has pins 1and 8 connected to the die attach
paddle. This reduces thermal resistance when pins 1 and
8 are connected to expanded copper lands on the PC
board. Table 2 shows thermal resistance for various
combinations of copper lands and backside or internal
planes. Table 2 also shows thermal resistance for the 5-pin
DD surface mount package and the 8-pin DIP and package.

Table 2. Package Thermal Resistance (°C/W)

LAND AREA DIP ST SO Q
Minimum 140 90 100 60
Minimum with 110 70 80 50
Backplane

1cm? Top Plane 100 64 75 35
with Backplane

10cm? Top Plane 80 50 60 27
with Backplane

To calculate die temperature, maximum power dissipation
or maximum input voltage, use the following formulas
with correct thermal resistance numbers from Table 2. For
through-hole TO-220 applications use 65 = 50°C/W
without a heat sink and 65 = 5°C/W + heat sink thermal
resistance when using a heat sink.

Die Temp = Ty + eJA(V|N‘V0UT)(|L0AD)
Tuax = Ta

JA
Maximum Input Voltage Tuax = T

ottage A
for Thermal Considerations = +\Vout
eJA"LOADj

Maximum Power Dissipation =
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Tn = Maximum ambient temperature

Tyax = Maximum LT1175 die temperature (125°C for
commercial and industrial grades)

6jn = LT1175 thermal resistance, junction to ambient

Vin = Maximum continuous input voltage at maximum
load current

lLoap = Maximum load current

Example: LT1175S8 with 1 gap = 200mA, Voyr = 5V,
Vin = 7V, Tp = 60°C. Maximum die temperature for the
LT1175S8 is 125°C. Thermal resistance from Table 2 is
found to be 80°C/W.

Die Temperature = 60 + 80 (0.2A)(8 —5) = 108°C

125-60

Maximum Power Dissipation = =0.81W

Maximum Continuous _125-60

Input Voltage = +5=9V
P X 80‘0.2i

(for Thermal Considerations)

Output Voltage Reversal

The LT1175 is designed to tolerate an output voltage
reversal of up to 2V. Reversal might occur, for instance, if
the output was shorted to a positive 5V supply. This would
almost surely destroy |C devices connected to the negative
output. Reversal could also occur during start-up if the
positive supply came up first and loads were connected
between the positive and negative supplies. For these
reasons, itis always good design practice to add a reverse
biased diode from each regulator output to ground to limit
output voltage reversal. The diode should be rated to
handle full negative load current for start-up situations, or
the short-circuit current of the positive supply if supply-to-
supply shorts must be tolerated.

Input Voltage Lower Than Qutput

Linear Technology’s positive low dropout regulators
LT1121 and LT1129, will not draw large currents if the
input voltage is less than the output. These devices use a
lateral PNP power transistor structure that has 40V emitter
base breakdown voltage. The LT1175, however, uses an

NPN power transistor structure that has a parasitic diode
between the input and output of the regulator. Reverse
voltages between input and output above 1V will damage
the regulator if large currents are allowed to flow. Simply
disconnecting the input source with the output held up will
not cause damage even though the input-to-output volt-
age will become slightly reversed.

High Frequency Ripple Rejection

The LT1175 will sometimes be powered from switching
regulators that generate the unregulated or quasi-regu-
lated input voltage. This voltage will contain high fre-
quency ripple that must be rejected by the linear regulator.
Special care was taken with the LT1175 to maximize high
frequency ripple rejection, but as with any micropower
design, rejection is strongly affected by ripple frequency.
The graph in the Typical Performance Characteristics
section shows 60dB rejection at 1kHz, but only 15dB
rejection at 100kHz forthe 5V part. Photographsin Figures
4a and 4b show actual output ripple waveforms with
square wave and triwave input ripple.

Cour = 4.74F TANT
ouTPUT Cout = TuF TANT

20mVv/DIV

INPUT
RIPPLE
100mV/DIV

f = 50kHz

5us/DIV o . 1175 Fo4
Figure 4a.

Cour = 4.7uF TANT
Cout = 1HF TANT

OUTPUT
100mV/DIV

INPUT
RIPPLE
100mV/DIV

f=100kHz

2us/DIV 1175 Fo4
Figure 4b.
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To estimate regulator output ripple under different condi-
tions, the following general comments should be helpful:

1. Output ripple at high frequency is only weakly affected
by load current or output capacitor size for medium to

to save space. At heavier loads an inductor may have to be
used in place of the resistor. The value of the inductor can
be calculated from:

heavy loads. At very light loads (<10mA), higher fre- LpL = ESR
quency ripple may be reduced by using larger output 2n(f)(10 /20
capacitors.
ESR = Effective series resistance of filter capacitor. This

A feedforward capacitor across the resistor divider
used with the adjustable part is effective in reducing
ripple only for output voltages greater than 5V and only
for frequencies less than 100kHz.

Input-to-output voltage differential has little effect on
ripple rejection until the regulator actually enters a
dropout condition of 0.2V to 0.6V.

If ripple rejection needs to be improved, an input filter can
be added. This filter can be a simple RC filter usinga 1Q
to 10Q resistor. A 3.3Q resistor for instance, combined
with a 0.3Q ESR solid tantalum capacitor, will give an
additional 20dB ripple rejection. The size of the resistor
will be dictated by maximum load current. If the maximum
voltage drop allowable across the resistor is “Vg,” and
maximum load current is I gap, R = VR/I gap-. At light
loads, larger resistors and smaller capacitors can be used

assumes that the capacitive reactance is small
compared to ESR, a reasonable assumption for
solid tantalum capacitors above 2.2uF and 50kHz.

f
rr Ripple rejection ratio of filter in dB
Example: ESR =1.2Q, f = 100kHz, rr = —25dB.

Ripple frequency

1.2
6_3%05%0—25/20

Solid tantalum capacitors are suggested for the filter to
keep filter Q fairly low. This prevents unwanted ringing at
the resonant frequency of the filter and oscillation prob-
lems with the filter/regulator combination.

LriL = = 34pH

g
g

PHCKHGG DGSCBIPTIO" Dimensions in inches (millimeters) unless otherwise noted.
Q Package
5-Lead Plastic DD Pak
(LTC DWG # 05-08-1461)
0.060
(1.524) 0.390 - 0.415
TvP (9.906 - 10.541) 0256 0060  0.165-0.180 |
V | *‘ (6.502) (1-324) (4191-4572) | 7|, 0.045-0.055
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-0.508 07110965 HATGHED AREA IS SOLDER PLATED

COPPER HEAK SINK

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
However, no responsibility is assumed for its use. Linear Technology Corporation makes no represen-
tation that the interconnection of its circuits as described herein will notinfringe on existing patent rights.

LY N 11



LT1175

PHCKHGG DGSCBIPTIO" Dimensions in inches (millimeters) unless otherwise noted.
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S8 Package
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(10.160) 0.189-0.197
MAX (4801 - 5.004)
6] [7] [6] [s] é é ﬁ ﬁ
0.255 + 0.015* )
(6.477 +0.381) 0.228 - 0.244 0.150 - 0.157**
(5.791-6.197) (3.810-3.988)
0] [2] [3] [4
< 0300-0325 0.045-0.065 | |_ 0.130 £ 0.005 2y H H H H
(7.620 - 8.255) (1.143-1.651) (3.302 £ 0.127) 3 7 )
0.010-0020 \ pee 1 0,053 - 0.069
— ] (0.254 - 0.508) 2800 2 3859
(1346 -1.752) 0.004-0.010
0.008 - 0.010 004 -0.
0.065 9.8 ~ 1018 o go -
(1.651) - 0 (0.203-0.254) 0°-8° TYP (0.101-0.254)
0.009 - 0.015 TYP — v
> — — — —_—
(0.229-0.381) 0.005 0125 0.016 - 0.050 ‘ ‘
(0127) (3 175)  0.015 T%‘ ‘&m ? 0.014-0.019 | | 0.050 T
0,305 *0.025 ‘ i MIN" (0.380) - : (0.355 - 0.483) \ I (1.270)
825 0015
0,605 MIN *DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH BSC
82551 0 01002 0.010 001840003 SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE
| **DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD o8 tess
(2540 0.254) (0457 +0.076) FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE
*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.010 INCH (0.254mm) s 0655
ST Package N
3-Lead Plastic SOT-223 (630 6.77)
- - 0.116-0.124
(LTC DWG # 05-08-1630) | g
‘
717
10°— 16> J=~— ! | |
100 0.010-0.014 0071 0.264 - 0.287 f
MAX (0.25-0.36) (m) (6.71-7.29) |
f | / MAX 0,130—0,146”7777%»777777
1 ./ 0160 f f T (330-3.71) |
0.012 0.0008 - 0.0040 0.025-0.033 ‘
(0.31) == (0.0203-0.1016) (0.64 -0.84)
MIN 0181
(4.60) !
NOM
0.090 1 |._0033-0041
T Package (2. 294 | (084—1.04)
NOM

5-Lead Plastic T0-220 (Standard)
(LTC DWG # 05-08-1421)
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LM137/LM337

General Description

The LM137/LM337 are adjustable 3-terminal negative volt-
age regulators capable of supplying in excess of —1.5A
over an output voltage range of —1.2V to —37V. These
regulators are exceptionally easy to apply, requiring only 2
external resistors to set the output voltage and 1 output
capacitor for frequency compensation. The circuit design
has been optimized for excellent regulation and low thermal
transients. Further, the LM137 series features internal cur-
rent limiting, thermal shutdown and safe-area compensa-
tion, making them virtually blowout-proof against overloads.
The LM137/LM337 serve a wide variety of applications in-
cluding local on-card regulation, programmable-output volt-
age regulation or precision current regulation. The LM137/
LM337 are ideal complements to the LM117/LM317 adjust-
able positive regulators.

Features

m Output voltage adjustable from —1.2V to —37V

m 1.5A output current guaranteed, —55°C to +150°C
M Line regulation typically 0.01%/V

W Load regulation typically 0.3%

B Excellent thermal regulation, 0.002% /W

&National Semiconductor

January 1995

3-Terminal Adjustable Negative Regulators

77 dB ripple rejection

Excellent rejection of thermal transients
50 ppm/°C temperature coefficient
Temperature-independent current limit
Internal thermal overload protection

P+ Product Enhancement tested
Standard 3-lead transistor package
Output is short circuit protected

LM137 Series Packages and Power Capability

Rated Design
Device Package Power Load
Dissipation Current
LM137/337 | TO-3 (K) 20W 1.5A
TO-39 (H) 2W 0.5A
LM337 TO-220 (T) 15W 1.5A

Typical Applications

Adjustable Negative Voltage Regulator

Vinl  imis

LM337

-Vin

+
cat
1uF

1209

Vour

output impedance and rejection of transients

—Vout = —1.25V (1 +

\d “Vout

TL/H/9067-1

Full output current not available at high input-output voltages

52 ) (i)
1200 ADJ

TC1 = 1 uF solid tantalum or 10 pF aluminum electrolytic required for stability
*C2 = 1 pF solid tantalum is required only if regulator is more than 4" from power-supply filter capacitor
Output capacitors in the range of 1 uF to 1000 uF of aluminum or tantalum electrolytic are commonly used to provide improved

©1995 National Semiconductor Corporation TL/H/9067

RRD-B30M115/Printed in U. S. A.
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,

please contact the National

Semiconductor Sales

Office/Distributors for availability and specifications.

Operating Junction Temperature Range

LM137
LM337

—55°Cto +150°C
0°Cto +125°C

(Note 4) Storage Temperature —65°C to +150°C
Power Dissipation Internally Limited Lead Temperature (Soldering, 10 sec.) 300°C
Input-Output Voltage Differential 40v Plastic Package (Soldering, 4 sec.) 260°C
ESD Rating 2k Volts
Electrical Characteristics (ote 1)
Parameter Conditions LM137 LM337 Units
Min Typ Max Min Typ Max
Line Regulation Tj=25°C,3V < [ViN — Vourt| < 40V 0.01 0.02 0.01 0.04 | %/V
(Note 2) I = 10 mA
Load Regulation Tj = 25°C, 10 mA < loyT < Imax 0.3 0.5 0.3 1.0 %
Thermal Regulation Tj = 25°C, 10 ms Pulse 0.002 | 0.02 0.003 | 0.04 |[%/W
Adjustment Pin Current 65 100 65 100 nA
Adjustment Pin Current Charge |10 mA < I < Iyax 2 5 2 5 wA
3.0V < ‘VIN — VOUTl < 40V,
Ta = 25°C
Reference Voltage Tj = 25°C (Note 3) —1.225| —1.250( —1.275| —1.213| —1.250| —1.287| V
3V < |ViN — Vout| < 40V, (Note 3) | —1.200| —1.250| —1.300| —1.200 | —1.250| —1.300| V
10 mA < louT < Imax, P < Pmax
Line Regulation 3V < V)N — Vourl < 40V, (Note 2) 0.02 0.05 0.02 0.07 | %/V
Load Regulation 10 mA < loyT < Imax (Note 2) 0.3 1 0.3 1.5 %
Temperature Stability TmIN < Tj < Tmax 0.6 0.6 %
Minimum Load Current [VIN — VouTl| < 40V 25 5 25 10 mA
[Vin — Vourtl < 10V 1.2 3 1.5 6 mA
Current Limit [ViN — VouT| < 15V
Kand T Package 1.5 2.2 3.5 1.5 2.2 3.7 A
H Package 0.5 0.8 1.8 0.5 0.8 1.9 A
‘V|N - VOUT| =40V, Tj = 25°C
Kand T Package 0.24 0.4 0.15 0.4 A
H Package 0.15 0.17 0.10 0.17 A
RMS Output Noise, % of Voyt | Tj = 25°C, 10 Hz < f < 10 kHz 0.003 0.003 %
Ripple Rejection Ratio Vout = —10V,f = 120 Hz 60 60 dB
Capy = 10 uF 66 77 66 77 dB
Long-Term Stability Tj = 125°C, 1000 Hours 0.3 1 0.3 1 %
Thermal Resistance, H Package 12 15 12 15 [°C/W
Junction to Case K Package 23 3 23 3 °C/W
T Package 4 °C/W
Thermal Resistance, H Package 140 140 °C/W
Junction to Ambient K Package 35 35 °C/W
(No Heat Sink) T Package 50 °C/W

Note 1: Unless otherwise specified, these specifications apply —55°C < Tj < +150°C for the LM137, 0°C < Tj < +125°C for the LM337; V|y — Voyt = 5V; and
loyT = 0.1A for the TO-39 package and Ioyt = 0.5A for the TO-3 and TO-220 packages. Although power dissipation is internally limited, these specifications are
applicable for power dissipations of 2W for the TO-39 and 20W for the TO-3 and TO-220. Iyax is 1.5A for the TO-3 and TO-220 packages, and 0.2A for the TO-39

package.

Note 2: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are
covered under the specification for thermal regulation. Load regulation is measured on the output pin at a point %" below the base of the TO-3 and TO-39

packages.

Note 3: Selected devices with tightened tolerance reference voltage available.
Note 4: Refer to RETS137H drawing for LM137H or RETS137K drawing for LM137K military specifications.




Schematic Diagram
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Thermal Regulation

When power is dissipated in an IC, a temperature gradient
occurs across the IC chip affecting the individual IC circuit
components. With an IC regulator, this gradient can be es-
pecially severe since power dissipation is large. Thermal
regulation is the effect of these temperature gradients on
output voltage (in percentage output change) per Watt of
power change in a specified time. Thermal regulation error
is independent of electrical regulation or temperature coeffi-
cient, and occurs within 5 ms to 50 ms after a change in
power dissipation. Thermal regulation depends on IC layout
as well as electrical design. The thermal regulation of a volt-
age regulator is defined as the percentage change of Voyr,
per Watt, within the first 10 ms after a step of power is
applied. The LM137’s specification is 0.02% /W, max.

1
0.1%
T
N
—| 1oms |
LM137, Voyt = —10V TL/H/9067-3
ViN — Vout = —40V
i = 0A — 0.25A — 0A
Vertical sensitivity, 5 mV/div
FIGURE 1

TL/H/9067-2

In Figure 1, a typical LM137’s output drifts only 3 mV (or
0.03% of Voyt = —10V) when a 10W pulse is applied for
10 ms. This performance is thus well inside the specification
limit of 0.02%/W X 10W = 0.2% max. When the 10W
pulse is ended, the thermal regulation again shows a 3 mV
step at the LM137 chip cools off. Note that the load regula-
tion error of about 8 mV (0.08%) is additional to the thermal
regulation error. In Figure 2, when the 10W pulse is applied
for 100 ms, the output drifts only slightly beyond the drift in
the first 10 ms, and the thermal error stays well within 0.1%
(10 mv).

F—100ms;4

LM137, Voyt = —10V
VIN — Vout = —40V
IL=0A — 0.25A — 0A
Horizontal sensitivity, 20 ms/div
FIGURE 2

TL/H/9067-4




Connection Diagrams

TO-3
Metal Can Package

TO-39
Metal Can Package

ADJUSTMENT Vourt ADJUSTMENT
O 0UTPUT
INPUT
Case Is Input TL/H/9067-6
ICase is Bottom View
nput
TUh/067-5 Order Number LM137H, LM137H/883 or LM337H
Bottom View See NS Package Number HO3A

Order Number LM137K/883
See NS Package Number K02C

Order Number LM337K STEEL
See NS Package Number K02A

TO-220
Plastic Package

T |
! |
1 (
1 1
1 |
} v
v .
i |
__________ S
ADJ VouT
Vin
TL/H/9067-7
Front View
Order Number LM337T

See NS Package Number T03B




Typical Applications (continued)

Adjustable Lab Voltage Regulator

1.2V 10 20V

0.1 uF 5

-1.2v 10 =20V
Full output current not available

at high input-output voltages
*The 10 uF capacitors are optional to improve ripple rejection.

TL/H/9067-9

Current Regulator

OUTPUT R1

1.250V
CURRENT oyt =
*0.8Q < R1 < 1200

lout

TL/H/9067-11

Negative Regulator with Protection Diodes

-Vout
-32v

TL/H/9067-13
*When C|_is larger than 20 uF, D1 protects the LM137 in case the input
supply is shorted

**When C2 is larger than 10 uF and —Vgyr is larger than —25V, D2 pro-
tects the LM137 in case the output is shorted

—5.2V Regulator with Electronic Shutdown*

TTL
CONTROL

o

|||-0

>
<787
>
:,1%
2N2907 1uF

v

out
.2V

-8vTO0 —ZUV—J

TL/H/9067-10
*Minimum output = — 1.3V when control input is low

Adjustable Current Regulator

lout

1.5V
lout = (?> +15% adjustable

TL/H/9067-12
High Stability — 10V Regulator

15 ppm/°C

TL/H/9067-14




Typical Performance Characteristics (x steel and T Packages)
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Physical

Dimensions inches (millimeters)

0300310
.| 0350-0370 -
{8.880-9.398)
0315-0.335
| 0318033 e
0.165-0.185 {8.001-8.500) 0.050
(4.191-.699) 1210
MAX

|

0.025 MAX

SEATING PLI\NIE‘f 0.500

(12.70)

MIN 0.016-0.019

0.100
{2.540)

0.029-0.040
(0.737-1.016)
0.028-0.034

(0.711-0.864)

Metal Can Package (H)

UNCONTROLLED

1 @638 gxppia

"
| e

DIATYP

HO3A (REV 8)

Order Number LM137H, LM137H/883 or LM337H

[10.80-11.05]

Metal Can Package (K)
Order Number LM337K STEEL
NS Package Number K02A

NS Package Number HO3A
0.420-0.500 0.325-0.352
[10.67-12.70] [8.26-8.94]
0.980-1.020
0.060-0.070
0.151-0.161 " [24.89-25. —
B B3 84-4.09] [24.89-25.91] = 7 [1.52-178]
- _ _ 0.495-0.510
[12.57-12.95]
Y
0.660-0.670
[16.76-17.02]
g 0.880-0.915
[22.35-23.24]
g 0.760-0.775
_ | — [19.30-19.69]
1.177-1.197
[29.90-30.40]
ox g 0-038-0.043 — r_
[0.97-1.09] -
UNCONTROLLED | |
N 0.168-0.178 LEAD DIA
0.210-0.220 _ | ZXR [4.27-4.52)] 0.025 v 1l 0116,y
[5.33-5.59] | [0.64] [2.95]
0.425-0.435 SEATING PLANE — KozA (REV 6)
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Physical Dimensions inches (millimeters) (Continued)

S —

2x g 0.151-0.161

[3.84-4.09] ~

0.660-0.670
[16.76-17.02]

1.177-1.197
[29.90-30.40]

|
0.210-0.220
[5.33-5.59] |

_

0.425-0.435
[10.80-11.05]

0.980-1.020
[24.89-25.91] >

0.038-0
[0.97-1

INC 0.168-0.178
DR T4 .27-4.52]

0.495-0.510
L~ " [12.57-12.95]

0.120
X B3 05]

.043
.09]

0.420-0.500

0.285-0.305

[10.67-12.70]

| 0.060-0.070
~ [1.52-1.78]

@ 0.880-0.915
[22.35-23.24]

[7.24-7.75]

UNCONTROLLED
LEAD DIA

0.030
[0.76] MAX —

| 0.085

SEATING PLANE —/

Mil-Aero Metal Can Package (K)

Order Number LM1

37K/883

NS Package Number K02C

g 0.760-0.775
[19.30-19.69]

[2.16]

K02C (REV B)




LM137/LM337 3-Terminal Adjustable Negative Regulators

Physical Dimensions inches (millimeters) (Gontinued)

_,10.240-0.260 | __ 0.330-0.350
[6.10-6.60] [8.38-8.89]
0.100-0.120 g 0:149-0.153
[2.54-3.05] 9 15785 0]
=" T0.090-0.110
+0.015
0.400 558 | /7] . [2.28-2.79] 0.19040.210
[10.16 %5331 L/ T || [Lasis,ss]
/ 0.048-0.055 _T
/ 0.130-0.160 1y [1.22-1.40]
PIN #1 1D [3.30-4.06] TP
1.005-1.035 0.027-0.037
P .
[25.53-26.29] [0.69-0.94]
TYP

0.175-0.185

+0.007

70»‘ /\ o/'\ 0.525-0.555 0.015 (0.3 7012
l | 7 ([13.3A—1k.1o])—" “0.001 s
NI

[4.45-4.70] f A
T | \
0.048-0.052
[1.22-1.32] SEATING PLANE
TAPERED
SIDES 1°
TO-220 Plastic Package (T)
Order Number LM337T
NS Package Number T0O3B

LIFE SUPPORT POLICY

+0.010 +0.25

L 0.105 Zyois [2.67 20301

T03B (REV L)

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

effectiveness.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

National Semiconductor National Semiconductor

o)

National Semiconductor
18th Floor, Straight Block,
Ocean Centre, 5 Canton Rd.
Tsimshatsui, Kowloon

Tel: (852) 2737-1600

Corporation Europe Hong Kong Ltd.
1111 West Bardin Road Fax: (+49) 0-180-530 85 86
Arlington, TX 76017 Email: cnjwge @tevm2.nsc.com
Tel: 1(800) 272-9959 Deutsch Tel: (+49) 0-180-530 85 85
Fax: 1(800) 737-7018 English Tel: (+49) 0-180-532 78 32 Hong Kong
Frangais Tel: (+49) 0-180-532 93 58
ltaliano ~ Tel: (+49) 0-180-534 16 80

Fax: (852) 2736-9960

National Semiconductor
Japan Ltd.

Tel: 81-043-299-2309
Fax: 81-043-299-2408

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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Surface Mount Tantalum Capacitors

JAVIXS

Foreword

AVX offers a broad line of molded solid tantalum
capacitors in a wide range of sizes, styles, and
ratings to meet your design needs. This catalog
combines into one source AVX’s SMD tantalum
capacitor information from its worldwide tantalum
operations.

The TAJ series includes EIA standard case sizes
and ratings, along with extended range values. Low
profile packages and EIAJ standard case sizes,
MIL-Style CWR11 components are available as part
of the TAJ family.

The TPS Low ESR SMD product line was intro-
duced last year and is included in this catalog to
provide a comprehensive listing of our tantalum
surface mount lines. TPS has its own catalog which
covers performance and applications in depth. This
catalog may be obtained from your local AVX repre-
sentative.

The TAZ Series offers high volume efficiency

Contents

components in a wide variety of footprints. Five
of those footprints have a nominal height of 0.050
inches which make them ideal for low profile appli-
cations.

The TAZ series is qualified as the MIL-Style
CWRQ09, the molded equivalent of the MIL-Style
CWRO06. Two new case sizes are added to this
series, increasing the capacitance/voltage ratings
available for both low and high values. Extended
range values are also available in all series.

AVX offers tantalum applications service for
use by our customers, please contact your local
representative if you wish to discuss any special
requirements.

AVX has become a world leader in tantalum
capacitor technology and is continuing to make sig-
nificant investments in equipment and research to
maintain that leadership.

Surface Mount Tantalum Capacitors
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Surface Mount Tantalum Capacitors

JAVIXS

Section 1 -TAJ, TAZ, and TPS

The AVX series of molded tantalum chips are
designed for surface mount applications and are
equally suitable for hybrid applications. They are
available tape and reel packaged for high volume
automatic assembly techniques.

Ta
MnO»

Carbon

Silver

Design and Application Features

1. Flat top surface for high speed pick-up —
compatible with high speed automatic onsertion
equipment.

2. Regular molded shape — allows accurate transfer
and placement during onsertion.

3. Glue pads on underside of TAJ/TPS ranges permit
consistent, strong bonding to circuit board prior to
soldering.

4. Consistent termination dimensions — allows
reliable pad design and a consistent “fit” — helps to
eliminate “tombstoning” effects and reduces
rotational effects.

5. Compliant terminations — transfer of thermo-
mechanical stresses during operation and mechani-
cal stresses during equipment servicing to the
component are reduced.

6. Rugged construction helps to prevent damage
during mounting and to ensure compatibility with all
systems for soldering (infra-red, wave solder, reflow
solder, vapor phase) and conductive epoxy resin
mounting techniques.

7. Resistant to flux removal solvents including
Aqueous systems used with vapor phase soldering.

8. All parts are coded on uppermost surface with
videcon-readable polarity marking, cap value,
and voltage.

9. High density packaging on 8 and 12 mm blister
tape, available on 7" and 13" reels.

10. Qualified to IECQ, CECC and MIL specifications,
TAJ/TPS in compliance with EIA standards.

11. New low profile case sizes including the new “R”
case compatible with “0805” footprint. Maximum
height for low profile is 1.2mm (0.047").




Surface Mount Tantalum Capacitors FAV/X
TAJ Series — Solid Tantalum Chip Capacitors (EIA Standard)

The TAJ standard series encompasses the four key sizes recognized by major
OEMs throughout the world, together with the new high profile E case (7343H
size) and two cases conforming to the EIA-J standard.

Available with standard capacitance tolerances of +10% and +20%.

Operational temperature -55°C to +85°C at rated voltage and up to +125°C
with voltage derating in applications utilizing recommended series resistance.

TAJ is available in standard and extended ranges.

Note on sizes: A, B, C, D - EIA standard EIA-535BAAC
E - Extended range (high profile D case, 7343H EIA-535BAAC)
M, N - EIA-J standard

For CWR11 ratings see pages 19 - 21.

Case Dimensions millimeters (inches)

Code| EIA | W+0.2(0.008) | L+ 0.2 (0.008) | H+0.2 (0.008) | W,+0.2 (0.008) | A+ 0.3 (0.012) | S Min.
Code | -0.1(0.004) - 0.1 (0.004) - 0.2 (0.008)

‘ t ‘ ’* w *‘ A | 3216 | 1.6(0.063) | 3.2(0.126) | 1.6(0.063) 1.2 (0.047) 0.8(0.031) | 1.1(0.043)
T B | 3528 | 2.8(0.110) | 3.5(0.138) | 1.9(0.075) 2.2 (0.087) 0.8 (0.031) | 1.4(0.055)
H C | 6032 | 32(0.126) | 6.0(0.236) | 2.6(0.102) 2.2 (0.087) 1.3 (0.051) | 2.9 (0.114)
&31 ED { H D | 7343 | 43(0.169) | 7.3(0287) | 2.9(0.114) 2.4 (0.094) 1.3 (0.051) | 4.4 (0.173)
,J A FS 4[ A l« q W, F E |7343H| 4.3(0.169) | 7.3(0.287) | 4.1(0.162) 2.4 (0.094) 1.3(0.051) | 4.4(0.173)
M |4726* | 26(0.102) | 4.7(0.185) | 2.1(0.083) 1.4 (0.055) 0.8 (0.031) | 2.7 (0.108)
N |5846* | 4.6(0.181) | 5.8(0.228) | 3.2(0.126) 2.4 (0.094) 1.3(0.051) | 2.8 (0.110)

W, dimension applies to the termination width for A dimensional area only.
*EIA-J Case Reference

How to Order: TAJ C 10 M 025 R *k

Type | |
Case Code (See table above)

Capacitance Code
pF code: 1st two digits represent significant figures, 3rd
digit represents multiplier (number of zeros to follow)

Tolerance
K=+10%, M=+20%, (J=+5%, consult your AVX representative for details)

Rated DC Voltage
Packaging/Leadframe Finish (Consult page 10 for details)

Additional characters may be added for special requirements

Technical Data: All technical data relate to an ambient temperature of +25°C
Capacitance Range: 0.1 yF to 330 pF
Capacitance Tolerance: +20%; +10%
Rated Voltage DC (Vg) =+85°C: 4 163| 10| 16| 20| 25| 35| 50
Category Voltage (V) +125°C: 27| 4 7| 10| 13| 17| 23| 33
Surge Voltage (V) =+85°C: 52| 8 | 13| 20| 26| 32| 46| 65
+125°C: 32| 5 8| 12| 16| 20| 28| 40
Temperature Range: -55°C to +125°C
Environmental Classification: 55/125/56 (IEC 68-2)
Dissipation Factor: =0.04 for Cg =1.0 uF

=0.06 for C;>1.0 pF
=0.08 for E case with C; =100 pF

2



Surface Mount Tantalum Capacitors

JAVIXS

TAJ Series — Solid Tantalum Chip Capacitors (EIA Standard)

Standard Range (EIA and EIA-J sizes). See below for extended range.

Capacitance Range (letter denotes case code)
Capacitance Rated voltage DC (V) at 85°C
pF Code 4V 6.3V 10V 16V 20V 25V 35V 50V
Std. Alt. | Std. Alt. | Std. Alt. | Std. Alt. | Std. Alt. | Std. Alt. | Std. Alt. | Std. Alt.
0.1 104 A A
0.15 154 A B
0.22 224 A B
0.33 334 A B
0.47 474 A B M | C
0.68 684 A A B M C
1.0 105 A A B M C
1.5 155 A A B M C D
2.2 225 A A B M| B M C D
3.3 335 A A B M| B M C C D
4.7 475 A B M B M| C C D D
6.8 685 B M| B M C (¢} D D N
10 106 B M| B M| C C D N D N
15 156 B M| C C D D N
22 226 C C D D N
33 336 C D D N
47 476 D D N | D N
68 686 D D N
100 107 D N
“Std” denotes EIA standard sizes
“Alt” denotes EIA J sizes
Extended Range/Developmental Range
Capacitance Range (letter denotes case code)
Capacitance Rated voltage DC (V) at 85°C
pF Code v 6.3V 10V 16V 20V 25V 35V 50V
0.1 104
0.15 154 A
0.22 224 A
0.33 334
0.47 474 A
0.68 684 A
1.0 105 A A
1.5 155 A A B M
2.2 225 A B B M
3.3 335 A A B B
4.7 475 A A A A/B B C
6.8 685 A A A A/B C C D
10 106 A A A/B B M B/C C
15 156 A A/B B B/C C D
22 226 A/B B B/C M C C D E
33 336 B B/C C C D E
47 476 B/C M C C D D E
68 686 C C D D E
100 107 C D D E
150 157 D D D/E E
220 227 D E E
330 337 E E

Ratings outside this matrix may be available upon request.

Please contact your AVX representative for availability of developmental range.




Surface Mount Tantalum Capacitors FAV/X
TAJ Series — Low Profile Solid Tantalum Chip Capacitors (EIA Standard)

Three additional case sizes are available in the TAJ range offering ultra low profile
solid tantalum chip capacitors. Designed for applications where maximum height
of components above or below board are of prime consideration, this height of
1.2mm equates to that of a standard integrated circuit package after mounting.
Also available is the ultra compact 0805 equivalent in a fully molded package. The
S&T footprints are identical to the A&B case size parts.

Case Dimensions millimeters (inches—Metric Dimensions Govern)

Code EIA W+0.2 (0.008) L+0.2 H max. W,+0.1 A+ 0.3 (0.012) S Min.
. L | ’__ w ﬁ Code - 0.1(0.004) (0.008) (0.004) - 0.1 (.004)
‘ ‘ T 0805 Equivalent

| R 2012 1.3 (0.05) 2.05 (0.08) 1.2 (0.047) 1.2 (0.047) 0.5 (0.020)  0.85 (0.033)

H
&E-, ED + Low Profile Versions of A & B Case
_J A L_*s 4‘ A l" 4 W, F S 3216L  1.6(0.06) 3.2(0.12) 1.2 (0.047) 1.2 (0.047) 0.8(0.031)  1.1(0.043)

T 3528L 2.8(0.11) 3.5(0.14) 1.2 (0.047) 2.2 (0.087) 0.8(0.031)  1.4(0.055)

W, dimension applies to the termination width for A dimensional area only.
Pad Stand-off is 0.1+0.1.

Capacitance and Voltage Range (letter denotes case code)/Developmental Range

Capacitance Rated voltage DC (V;) at 85°C
uF Code 2V 4V 6.3V 10V 16V 20V
0.1 104 R/S
0.15 154 R/S
0.22 224 R/S
0.33 334 R/S
0.47 474 R/S
0.68 684 R/S R/S/T
1.0 105 R/S R/S R/S/T
1.5 155 R/S R/S S T
2.2 225 R/S R/S S T T
3.3 335 R/S R/S T T
4.7 475 R R/S S/T T
6.8 685 R S/T T
10 106 S T T
Please contact your AVX representative for availability of Developmental Range.
Marking: TAJ Series A, B, M, R, Sand T Case:
. ) c110 1. Voltage Code
For TAJ, the positive end of body has videcon readable 9507 (see table)
pplarity bar mgrking, with the AVX Iog(_) “A” as shown_ in the 2. Capacitance in pF
diagram. Bodies are marked by indelible laser marking on 3. Date Code
top surface with capacitance value, voltage and date of
manufacture. Due to the small size of the A, B, M, R, S and C.D. E and N Case:
T cases, a voltage code is used as shown below: ~ T Capacitance in iF
1> '
2. Rated Voltage at 85°C
Voltage Code Rated Voltage 1°- 3 § j 3. Date Code 9
A, B, S and T Cases at 85°C )
G 4
J 6.3
é ]g Polarity bar indicates anode (+) termination
D 20
E 25
Vv 35
T 50




Surface Mount Tantalum Capacitors FAV/X
TAJ Series — Solid Tantalum Chip Capacitors

Ratings and Part Number Reference

AVX Case |Capacitance| DCL DF ESR AVX Case | Capacitance|  DCL DF ESR
Part No. Size pF (uA) % max. () Part No. Size HF (HA) % max. ()
Max. Max. @ 100 kHz Max. Max. @ 100 kHz
4 volt @ 85°C (2.5 volt @ 125°C) 10 volt @ 85°C (6.3 volt @ 125°C)
TAJA335()004 | A 3.3 0.5 6 9.0 TAJA155(7010 | A 1.5 0.5 6 10.0
TAJA475()004 | A 47 0.5 6 75 TAJA225(010 | A 2.2 0.5 6 7.0
TAJABS5()004 | A 6.8 0.5 6 6.5 TAJA335(010 | A 3.3 0.5 6 515
TAJA106()004 | A 10 0.5 6 6.0 TAJA475(010 | A 47 0.5 6 5.0
TAJB106()004 | B 10 0.5 6 4.0 TAJB475()010 | B 4.7 0.5 6 4.0
TAJM106(004 | M 10 0.5 6 45 TAIM475()010 | M 4.7 0.5 6 4.5
TAJA156()004 | A 15 0.6 6 4.0 TAJA685()010 | A 6.8 0.7 6 4.0
TAJB156(004 | B 15 0.6 6 3.0 TAJB685(010 | B 6.8 0.7 6 3.0
TAIM156()004 | M 15 0.6 6 35 TAJM685()010 | M 6.8 0.7 6 35
TAJA226()004 | A 22 0.9 6 35 TAJA106()010 | A 10 1.0 6 3.0
TAJB226(004 | B 22 0.9 6 25 TAJB106()010 | B 10 1.0 6 25
TAJC226(004 | C 22 1.4 6 2.3 TAIM106()010 | M 10 1.0 6 3.5
TAJB336(004 | B 33 1.4 6 2.8 TAJC106()010 | C 10 1.0 6 25
TAJC336(*)004 | C 33 1.9 6 2.0 TAJB156()010 | B 15 1.6 6 2.8
TAJB476(004 | B 47 1.9 6 2.4 TAJC156()010 | C 15 1.5 6 2.0
TAJC476(004 | C 47 1.9 6 1.8 TAJB226()010 | B 22 2.2 6 2.4
TAJD476(004 | D 47 1.9 6 1.8 TAJC226()010 | C 22 22 6 1.8
TAJC686(*)004 | C 68 2.7 6 1.6 TAJC336()010 | C 33 3.3 6 1.6
TAJD686(004 | D 68 2.7 6 1.1 TAJD336()010 | D 33 3.3 6 1.1
TAJC107(004 | C 100 4.0 6 1.3 TAJCA476()010 | C 47 4.7 6 1.2
TAJD107(j004 | D | 100 4.0 6 0.9 TAJD476()010 | D 47 4.7 6 0.9
TAJN107(004 | N 100 4.0 6 15 TAJN476()010 | N 47 4.7 6 1.5
TAJD157(J004 | D | 150 6.0 6 0.9 TAJD686()010 | D 68 6.8 6 0.9
TAJE227()004 | E | 220 8.8 8 0.9 TAJD107()010 | D | 100 10.0 6 0.9
TAJE337()004 | E | 330 13.2 8 0.9 TAJE157()010 | E | 150 15.0 6 0.9
6.3 volt @ 85°C (4 volt @ 125°C) TAJE227(1010 | E | 220 22.0 8 0.9
: = 16 volt @ 85°C (10 volt @ 125°C)
TAJA225()006 | A 2.2 0.5 6 9.0
TAJA335()006 | A 3.3 0.5 6 7.0 TAJA105()016 | A 1.0 0.5 4 11.0
TAJA475()006 | A 4.7 0.5 6 6.0 TAJA155()016 | A 1.5 0.5 6 8.0
TAJABB5(*)006 | A 6.8 0.5 6 5.0 TAJA225()016 | A 22 0.5 6 6.5
TAJB685(*)006 | B 6.8 0.5 6 4.0 TAJB225()016 | B 2.2 0.5 6 5.5
TAJM685(*)006 | M 6.8 0.5 6 45 TAJM225()016 | M 22 0.5 6 6.5
TAJA106()006 | A 10 0.6 6 4.0 TAJA335()016 | A 3.3 0.5 6 5.0
TAJB106(006 | B 10 0.6 6 3.0 TAJB335()016 | B 3.3 0.5 6 4.5
TAJM106(Y006 | M 10 0.6 6 35 TAJM335()016 | M 3.3 0.5 6 5.0
TAJA156()006 | A 15 1.0 6 35 TAJA475()016 | A 4.7 0.8 6 4.0
TAJB156(*)006 | B 15 1.0 6 25 TAJB475(016 | B 4.7 0.8 6 3.5
TAJC156(006 | C 15 1.0 6 25 TAIMA475()016 | M 4.7 0.8 6 35
TAJM156(006 | M 15 1.0 6 35 TAJB685(016 | B 6.8 1.1 6 25
TAJB226(006 | B 22 1.4 6 25 TAJC685()016 | C 6.8 1.1 6 25
TAJC226(1006 | C 22 1.4 6 2.0 TAJB106(016 | B 10 1.6 6 2.8
TAJB336(006 | B 33 2.1 6 2.2 TAJM106()016 | M 10 1.6 6 2.8
TAJC336(006 | C 33 2.1 6 1.8 TAJC106()016 | C 10 1.6 6 2.0
TAJC476(006 | C 47 3.0 6 1.6 TAJB156()016 | B 15 24 6 25
TAJD476(006 | D 47 3.0 6 1.1 TAJC156()016 | C 15 2.4 6 1.8
TAJC686()006 | C 68 4.3 6 1.6 TAJC226()016 | C 22 35 6 1.6
TAJD686(*006 | D 68 4.3 6 0.9 TAJD226()016 | D 22 35 6 1.1
TAJD107(006 | D | 100 6.3 6 0.9 TAJD336()016 | D 33 5.3 6 0.9
TAJD157(006 | D 150 9.0 6 0.9 TAJIN336()016 | N 33 5.3 6 1.5
TAJE227()006 | E | 220 13.2 8 0.9 TAJD476()016 | D 47 75 6 0.9
TAJE337(006 | E 330 19.8 8 0.9 TAJD686()016 | D 68 10.8 6 0.9
TAJE107()016 | E | 100 16.0 6 0.9

For 10% tolerance, insert ‘K’ in (*) above.

For 20% tolerance, insert ‘M’ in (*) above. (K tolerance may be supplied in lieu
of M tolerance.)

NOTE: Voltage ratings are minimum values. We reserve the right to supply
higher voltage ratings in the same case size, to the same reliability standards.
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BSPECIFICATIONS
Impedance - Operating
Part Number (Q) (Typ.) Rate?m(it;rrent DC (ge:ﬂ:as;a;\ £ Temp. Range
at 100MHz i (°’C)
BLM41P600S 60 6000" 0.01
BLM41P750S 75 3000" 0.025
BLM41P800S 80 1000° 0.10 —55to +125
BLM41A800S 80 500 '
BLM41A151S 150 200 0.50

[0 BLM41P series : Please derate the maximum current, as shown in previous page, for temperatures above +85°C.

BEDIMENSIONS BIMPEDANCE-FREQUENCY CHARACTERISTICS
(TYPICAL)
0.7£0.3 .
BLMA41 Series
200
o~ [
ﬁ 150 di
- @ A151S
8
=4
4.5%+0.2 1.610.2 < 100 ——
g AB00S =TT
E AT I
- a P600S
EIA Code : 1806 50 > :
% P750S
oemzirittlt | [0 |
(in mm) 1 10 100 1000
Frequency (MHz)
BIMPEDANCE-FREQUENCY CHARACTERISTICS (DETAILS)
BLM41P600S BLM41P750S BLM41P800S
100 100 o 100 L
‘ // U / Y|
g 7 R g 7 Z',n s v
; Zx" }'; 'R ; HR
2 “R 2 o £ ‘
g 50 / 8 50 S 50 + ‘
@ @ 3 " ¥
B B X @ (A7
g‘ 25 ‘A"/,;,_ _\)E. E 25 5 , \,» EQ 25 / -
O"// L4 0._//”_ B \ 0// i N\
1 10 100 1000 1 10 100 1000 1 10 100 1000
Frequency (MHz) Frequency (MHz) Frequency (MHz)
a0 BLM41A800S - ol BLM41A151S
1P %a ]
Zh AT
a 75 s o 150 - i
g 50 § 100 1R
3 3 gl
(=% 2 N [<% Vi %
E 2 - E 50 s
0_// | X 0/// L ™y
1 10 100 1000 1 10 100 1000
Frequency (MHz) Frequency (MHz)
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WS CHIP EMIFIL®

EMIFIL" is the trademark of
Murata Manufacturing Co., Ltd. mllRata

Chip Ferrite Bead Inductor Array BLA41/62/81 Series

Chip Type Bead Arra y

(4, 6 or 8 cir cuits are inc luded in one pac kage.)

The BLA series of chip ferrite bead inductors is designed
for surface mount applications. 4, 6, or 8 circuits are
condensed into one package to enable significant savings
in mounting space.

The inductors feature Murata's original EMI suppression
technology as well as an improved design base over the
single circuit type BLM series. The series is well suited for
EMI suppression in digital /0O lines of varied electronic
equipment such as Notebook PCs.

BFEATURES

1. 4, 6, or 8 circuits are available in single packages with
either 1.27mm (BLA81/41) or 0.8mm (BLA62) pitch,
making the series excellent for the high density EMI
suppression requirement.

2. The series can be applied to various situations by two
type impedance characteristics, standard type (70Q at
100MHz) and high-impedance type (600Q at 100MHz).

3. The series has a unique internal structure that minimizes
crosstalk.

4. The nickel barrier structure of the external electrodes
provides excellent solder heat resistance.

BAPPLICATIONS
® Computers and peripherals, digital TVs,
digital VCRs, etc.

EPART NUMBERING

(Please specify the part number when ordering.)

o 6 © 0

OType

@Number of Circuits and Terminal Pitch
81.---8 circuit 1.27mm pitch
62:----6 circuit 0.80mm pitch
41.---4 circuit 1.27mm pitch

©Characteristics

OPackaging Code T1: Taped

B1 : Bulk package

BEQUIVALENT CIRCUIT DIAGRAM

The BLA series has no polarity.

Output

BLA41 BLAG2 BLA81
BEDIMENSIONS
BLA41 BLA62
(Surface) (Surface)

1.27+0.1 0.3+0.2
A —

2]
@
BLA BO02 | S
A 0 0 ] -
_.1|. 0.3+0.2 0.4+0.2 .420.2
‘ 6.3+0.2 | ‘ -
CH I L& ( ) CHOHIIT L& ( )
—— —— -
1.27:0.1 0.53:0.2 0.8:t0.1  0.36:0.2

(Mounted-face)

L]

(Mounted-face)

l.....]

EIA Code:2512

BLAS81
(Surface)
BLA81BO1 0
<
‘ 12,503 ‘
‘ | o
C T ) 18
L L s f H:]
1.27+0.1 0.6 51
(Mounted-face) 0.7%93
‘ EIA Code:5018
: Electrode

The large electrodes on
both ends of chip are the reinforcing electrodes.

(in mm)

20



This is the PDF file of catalog No.KO1E-23.

BSPECIFICATIONS

KO1E23.pdf 97.10.03

Impedance Rated Operating
Number of
Part Number (Q Typ.) Current Temp. Range Circuits

at 100MHz (mA) (°’C)
BLA41B01 70 200 4
BLA41B02 600 1500 4
BLA62B01 70 200 —55to +125 6
BLA62B02 600 1000 6
BLA81B01 70 300 8

OBLA41B02/BLA62B02 : Please derate the maximum current, as shown below, for temperatures above +85°C.

BMIMPEDANCE-FREQUENCY CHARACTERISTICS

(TYPICAL)
BLA41/62/81B01
100
P TTTITN
80 /
@ /’/ ’R
8 60 S
5 1.
° z .
g 40 7
E / 1]
20 > — u X
1 .
/// ’ \\~
o =1 -
1 10 100 1000
Frequency (MHz)
BLA41/62B02
1000
800
g
o 600 ~
£ L l % z
P \
2 400 T s
3 . N
,/4 R+
200 = — <
/// 111 X
[ P e
0 _

10 100
Frequency (MHz)

1000

@ Comparison between BLA[ | |BO1 with BLA[_|_|B02

1000

800
g
o 600 =
2 BLALI1B02 11
§ A
Q400
=

//’/ N
200 >
|+ BLAL [ 1BO1
Q |—T ______/—-——'—— T
1 10 100 1000
Frequency (MHz)
BEDERATING

When the BLA41B02/BLM62B02 are used in operating
temperature over 85°C, derating of current is necessary.
Please apply the derating curve shown below according to
the operating temperature.

Derated Current (mA)

300

250

200

150

100

50

BLA41B02

BLA62B02

0 20 40 60 80

Operating Temperature (°C)

100 120 140 160
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BEXAMPLE OF EMI SUPPRESSION IN PERSONAL COMPUTERS USING THE BLM SERIES

BLM[_JJA series inductors, which generate impedance at low frequencys
are suitable for general signal lines. BLM[_|_|B series are suitable for clock
lines, high speed bus lines, and high speed analog lines where signal quality
is critical.

NFM series inductors are effective where higher performance than that
provided by the BLM series is required.

High Speed Analog Line
BLM11B/BLM21B

\

CRT

Interface Line
Low speed : BLM11A/BLM21A
High speed : BLM11B/BLM21B

.

Video Card

Mother Board J_

LAN Card (Network) |

Local Bus Line
(High speed digitalline)

BLM11B/21B
Sound Card

(Audio Output)

CLK " serial F ]_
High Speed Clock Line O—D—

BLM11B - cPU ]

|
BLM21B f :l: ] HDD

i

Secondary Circuit of

-

Power Supply
BLM41P
BLM21P/BLM31P GeneraI_B_us )
(Low speed digital line)
Power Supply
Unit BLM11A/21A
BLM31A/BLM41A

BCHIP INDUCTOR FOR CHOKE USE

There are chip inductors for choke use which are effective to
suppress power line noise. Please find most suitable product
in wide chip inductor for choke variation.

LQH3C ., <z Inductance DC Resistance Self-resonant | ojjowable Current
Part Number H 0+30% Frequency A
s () (2£30%) (Mg miny (mA)
il (in mm) LQH3COOO[ 134 1.0—560 0.09—22.0 5.0—96 60—800
LQH3COOO[ 24 0.15—10 0.028—0.30 26—400 450—1450

® Impedance-Frequency Characteristics (Typical)

1000

a 200 100 «H

> . N\ 10uH

: PPN

= 1.0uH

g 1 A

(3

Qo

E 01 =
0.01
0.01 0.1 1 10 100 1000

Frequency (MHz)
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Panasonic

Multilayer Ceramic Capacitors/ECU

Multilayer Ceramic Chip Capacitors

Type: ECU

m Features

* Small in size and wide capacitance range

= Superior humidity characteristics and long life thanks
to the monolithic construction

« Excellent solderability and resistance to soldering heat

thanks to terminals with three (3) layers of silver,

nickel, and solder

« Low self-inductance and excellent frequency
characteristics

m Explanation of Part Numbers

e

Recommended Applications

Class 1 (T.C. Type)

- Temperature compensations, tuned circuits and filter
circuits, where low loss and high stability of
capacitance and high insulation resistance is required

Class 2 (Hi-K Type)

« Coupling and bypass, where low loss and high
stability of capacitance is not so important.

10 1 12

12 3 4 5 6 7 8 9
1] [H] [2] o] [1]

Product Code Packaging Styles Rated Voltage Nominal Capacitance Capacitance Tolerance ~ Temp. Characteristics Temp. Characteristics
ECU Multilayer Ceramic | | X Bulk 1H 50 VDC OR5 0.5pF C +0.25pF C NPO Q  10type 0402
Chip Capacitors E  Paper taping 1E 25VDC 010 1pF D +05pF P NI50 V. 1ltype 0603
(Pitch: 2mm) 1C 16VDC 100 10 pF F +1pF R N220 N/G 12 type 0805
V' Paper taping 101 100 pF J 5% S N330 X** 12 type
(pitch: 4mm) _ 104 100,000 pF K +10% T N0 MH L3ype
Y Embossed taping (0.1 1) M *20% U N750 W** 13 type
(Pitch: 4mm) -
- Z  +80/-20% Nil* SL/GP ** Extended capacitance
W Large S'_Ze B B/X7R range products
Reel Taping
(Pitch: 2mm) F Y5y
Z Large Size * When omitted, the
Reel Taping remaining P/N factors
(Pitch: 4mm) will be moved up
. respectively.
C Bulk case

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Construction

No. Name Material
@ Ceramic diectric Ceramic
® Inner electrode Palladium
@ Substrate electrode Silver
® Intermediate electrode | Nickel
® External electrode Solder (Pb-Sn)
| L |
| | Size Code (EIA) L W T Ly, Ly
W iy “10” Type (0402) 1.00+0.05 0.50+0.05 0.50+0.05 0.20+0.01
“11” Type (0603) 1.60+0.10 0.80+0.10 0.80+0.10 0.30+0.20
—(— — “12” Type (0805) 2.00+0.10 1.25+0.10 1.35 max.* 0.50+0.25
T L “13” Type (1206) 3.20+0.15 1.60+0.15 1.25 max.* 0.60+0.30
1 - 1 1 ; * Specified by nominal capacitance

m Capacitance Range in pF

Capacitance Range (pF) {50 VDC]
NPO N150 N220 N330 N470 N750
Dim. “T" cA SL/GP PA RA sA TA uA
Class |Size Code (mm) (CAJ)* (SLY)* (PAY)* (RAJ)* (SAJ)* (TA))* (UAJ)*
“10" 0.50+0.05 05-220 0.5-220 05-39 05-39 05-39 05-39 05-120
“11” (0603) | 0.80+0.10 0.5-1,000 0.5-1,200 05-150 05-180 05-180 05-220 0.5-1,200
0.06+0.01 0.5-2,200 0.5-2,700 05-220 05-220 05-220 05-270 0.5-2,700
1 “12" (0805) | 0.85+0.10 | 2.400;2,700 — 240-330 240-390 240470 300-470 —
(T.C. Type) 1.25+0.10 — — 360-470 430-560 510, 560 510-680 —
0.60.1 0.5-4,700 0.5-5,600 0.5-560 0.5-680 0.5-680 05-820 0.5-5,600
“13"(1206) | 0.85+0.10 | 5,100-6,800 — 620-1,200 750-1,200 750-1,500 910-1,500 —
1.15£0.10 | 7,500-10,000 — 1,300;1500 | 1,300;1500 | 1,600;1,800 | 1,600-2,200 —
Capacitance Range (pF) {50 VDC]
Dim. “T” B/(RB)*/X7R B/(BJ)*/Y5P FI(FI)*/Y5V
Class |Size Code (mm) 50 VDC 25VDC 16 VDC 50 VDC 25VDC 16 VDC
“10” (0402) |  0.50+0.05 — 100-4,700 5,600-15,000 — 1,000-10,000 | 15,000-100,000
“11” (0603) |  0.80+0.10 220-15,000 | 18,000-33,000 |10,000-100,000 | 1,000-47,000 | 68,000;100,000 | 100,000-470,000
2 “qon 0.6+0.1 220-22,000 | 18,000-33,000 — 1,000-68,000 | 68,000-150,000 | 100,000-220,000
(Hi-K Type) | (0805) 0.85+0.10 27,000-39,000 | 39,000-100,000 | 47,000-220,000 100,000 220,000 330,000—1M
o 0.6+0.1 220-56,000 | 33,000-82,000 — 1,000-220,000  |100,000—470,000 —
(1%86) 0.85+0.10 | 68,000-100,000 |100,000—220,000 |100,000—680,000 — — 680,000-2.2M
1520.10 — — 820,000-1M — — —

* Temperature characteristics codes conform to JIS C6429

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Nominal Capacitance vs. Capacitance Tolerance

Tolerance
Code Capacitance Tolerance Nominal Capacitance Available Temp. Char. Class
C +0.25 pF 05,1,15,2,3,4,5
D <10 pF +0.05 pF 1,15,2,3,4,5,6,7,8,9,10 CDtoUD .
NPO) (N750
F +10pF 10 ( and)S(L/GP ) (T.C. Type)
J 5% E24
K 710 pF +10% E12
= Within capacitance range,
0,
K *10% E12 E-series number x 10" B (X7R) 2
YA +80, —20% E6 F(Y5V)
m E-Series Numbers
E6 1 15 2.2 33 4.7 6.8
E12 1 12 15 18 22 2.7 33 39 4.7 5.6 6.8 8.2
E24 1 |11 ]12]13] 1516 18] 2 [22]24|27] 3 [33]36]39]43]47]51]|56]62]68]75]82]01
m Temperature Coefficient of Class 1 Capacitors/T.C. Tolerance
Temperature Coefficient Code.
T.C. Cap. CA (NPO) PA (N150) RA (N220) SA (N330) TA (N470) UA (N750) SL/GP
Tc <2 pF CK (£250) PK (£250) RK (¢250) SK (+250) TK (£250) UK (£250) +350 to —1000
T.oI ' 3pF CJ (£120) PJ (£120) RJ (£120) SJ (+120) TJ (£120) UJ (£120) +350 to —1000
24 pF CH (+60) PH (£60) RH (+60) SH (£60) TH (£60) UJ (£120) +350 to —1000
m Temperature Coefficient of Class 2 Capacitors
Capacitance Change
No DC 1/2 Rate Measurement Reference
Temp. Char. Voltage Applied Voltage Applied Temp. Range Temperature
B (RB) + 10% max. +10, —30% max. 2510 85°C 20°C
F(F) +30, —80% max. +30, —95% max. -251t0 85°C 20°C

m Base Metal Inner Electrode Type* (Nickel)

Capacitance Range (pF)

Size Code F (FJ)/Y5V)

“11" (0603) 0.1 pF/50 V to 0.33 pF/16V
“12” (0805) 0.01 uF/50 V to 2.2 pF/16V
“13” (1206) 0.22 pF/50V to 4.7 pF/16V

* For details on the new series, please contact us.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Specifications

Specifications
Class 1 (T.C. Type) Class 2 (Hi-K Type)
Characteristics CD to UD and SL/GP B/X7TR | BI/Y5P FIY5V Test Methods
Operating temperature range —55to 125°C* -251080°C —
Rated voltage 50 VDC 50 VDC
50 vVDC 25 \VDC 16 VDC | 25VDC —
16 vDC
Dielectric withstanding Class 1: Rated voltage x 3, 1t0 55
voltage No breakdown Class 2: Rated voltage x 2.5, 110 5's
Limit surge current: 50 mA max.
. . - . .
Insulation resistance (R) IRZl0,000MQ or 500/C** MQ whichever is less Rated voltage at 1 minute electrification
(C: Rated capacitance in pF)
Capacitance Within the specified tolerance Class Frequency | Voltage | Temp.
Q Factor or . 1MH
Dissipation Factor Capacitance < 30 pF <1000pF | 11096
(tan 3) Q 2400+ 20C*** or |1 0510
30 pF < Cap. < 1000 pF T 1 kHz 5Vrms o
Q 21000 L) | ) | 1000pF | sy wc
Capacitance > 1000 pF - <0.05
DF. (tan 3) <0.002 ) 1kHz 1+0.2
+10% Vrms
* Operating temperature range: —25 to 80 °C for capacitance of 5100 to 1000 pF, NP0, Type 13.
** Nominal capacitance value in  pF
*** Nominal capacitance value in pF
Minimum Q at 1 MHz Minimum Insulation Resistance
10,000 10,000 MQ
1000
1,000 g S %,
= &,
800 S £ 1000 N
F >
g & 500
s g
400 E 100
IS
200 E 50
=
10 20 30 4 ( 1,000 lol—

0.005 0.01 0.05 001 05 1

Nominal Capacitance (LF)
* Nominal capacitance value in pF

Nominal Capacitance (pF)
* Nominal capacitance value in pF

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Capacitance Range (in pF)
[Size Code “10” Type/“0402"]

CA

(NPO) SL/GP

PA
(N150)

RA
(N220)

SA
(N330)

TA
(N470)

Cap. (oF) | 50V 50V

50V

50V

50V

50V

Note: The Q in the table above indicates the suffix code in “Explanation of Part Numbers” table.

B/X7R

25V

100,000

Dimensions in mm (not to scale)

[10 Type] [0402]

1,000,

.05

0.5010.05/

0.50+0.05 ‘

02:01 |

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Capacitance Range (in pF)
[Size code “11” Type/“0603” (EIA)]

ca PA RA SA A ua
Cap. (eoy | SHGP | n1so) | (N220) | (N330) | (N470) | (N7S0) . B/X7TR | BIYSP FIYsv
(PF) 50V 50V 50V 50V 50V 50V 50V

"""""" 470,000
"""""""""""""""""" Dimensions in mm (not to scale)
""""""""""""""""""""""""""""" [11 Type] [0603 (EIA)]
77777777777777777777777777777777777777777777 1620.1

03402 ‘ ‘ 03£02

Note: The V in the table above indicates the suffix code in “Explanation of Part Numbers” table.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Capacitance Range (in pF)
[Size Code “12” Type/“0805” (EIA)]

cA PA RA SA TA ua
oeoy | SHGP | n1so) | (N220) | (N330) | (N470) | (N7S0)
50V 50V 50V 50V 50V 50V 50V
N IN
INT N[ ] IN In 1]
IN|
s INE3R
' INE3R
le B
HSRE
B
B N\ 0 0 O 1,000,000 By
-- Note: The N, G, X, and C in above table indicate the suffix codes in
§ “Explanation of Part Numbers” chart.
ANT -
|| IN\ N Dimensions in mm (not to scale)
[12 Type] [0805 (EIA)]
‘ 20+0.1 ‘
"""""" 1254010 / /
—————————————————————— b 0.500.25 0.500.25
|x U
Thickness “T” (mm)
NN SRR NSRS (S [ Joeor R ossz010 [ 115:010
. \X\ N I S e N e s

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Capacitance Range (in pF)
[Size Code “13” Type/“1206” (EIA)]

cA PA RA SA TA uA
Cap. (NPO) sL/Gp (N150) (N220) (N330) (N470) (N750)
PF) 50V 50V 50V 50V 50V 50V 50V
M
™M
Im|
M|
|H
Note: The M, H, and W in above table indicate the suffix does in “Explanation
i of Part Numbers” chart.
|H
Dimensions in mm (not to scale)
[13 Type] [1206 (EIA)]
‘ 320015 ‘
T 160£0.15
'
06403 06£03
wl-
—————————————————————— Thickness “T” (mm)
R [ ]oex01 RY ossx010 [ 1152010

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “10” Type (EIA “0402” Type), Taped Version
[Rated voltage 50 VDC]
Dim. T (mm) = 0.5

Part Number

fﬁ% CT?,? CA (NPO) SL/GP PA (N150) RA (N220) SA (N330) TA (N470) UA (N750)
05 | +0.25pF(C) | ECUEIHORSCCQ | ECUEIHORSCQ | ECUEIHRSCPQ | ECUEIHORSCRQ | ECUEIHORSCSQ | ECUEIHORSCTQ | ECUEIHORSCUQ
1| ECUETIHO100CQ | ECUEIHO100Q | ECUEIHO100PQ | ECUEIHO10ORQ | ECUEIHO1000SQ | ECUEIHO10OTQ | ECUEIH0100UQ
15| 025pF(C) | ECUEIHIRSLCQ | ECUEIHIRSOQ | ECUEIHIRSLPQ | ECUEIHIRSURQ | ECUEIHIRSCSQ | ECUEIHIRSLTQ | ECUELHIRSLUQ
2 | o ECUEIH0200CQ | ECUEIHO200Q | ECUEIHO200PQ | ECUEIH0200RQ | ECUEIH0200SQ | ECUEIH02000TQ | ECUE1H0200UQ
3 | $05pF(D) | ECUEIH0300CQ | ECUEIH0300Q | ECUEIH0300PQ | ECUELHO30CRQ | ECUEIHO300SQ | ECUEIHO30LTQ | ECUELH0300UQ
4 ECUEIHO400CQ | ECUEIHO400Q | ECUEIHO400PQ | ECUEIHO40ORQ | ECUEIH04000SQ | ECUEIHO40OTQ | ECUE1H0400UQ
5 | ECUEIH05000CQ | ECUEIHO500Q | 3CUEIH0500PQ | ECUEIHOS0CRQ | ECUEIHOS000SQ | ECUEIHOS000TQ | ECUEIH0500UQ
6 | o5 ECUEIHO60DCQ | ECUEIHO60DQ | ECUEIHOS0DPQ | ECUEIHOBODRQ | ECUEIHOB0DSQ | ECUEIHOBODTQ | ECUEIHOG0DUQ
7 o ECUEIHO70DCQ | ECUEIHO70DQ | ECUEIHO70DPQ | ECUEIHO70DRQ | ECUEIHO70DSQ | ECUEIHO70DTQ | ECUEIHO70DUQ
8| ECUE1H0BODCQ | ECUEIHO80DQ | ECUEIHO80DPQ | ECUEIHOS80DRQ | ECUEQHO80DSQ | ECUEIHOS0DTQ | ECUEIH0BODUQ
9 ECUEIH09DCQ | ECUEIHO90DQ | ECUEIHO90DPQ | ECUEIHO90DRQ | ECUEIHO90DSQ | ECUEIHO90DTQ | ECUEIH090DUQ
10 |s05pF@ors1pie| ECUELHI000CQ | ECUEIH1000Q | ECUEIH1000PQ | ECUEIHI00CRQ | ECUEIH1000SQ | ECUEIHI00OTQ | ECUEIH10000UQ
| ECUETH110JCQ | ECUE1H110JQ ECUEIH110JPQ | ECUEIH110JRQ | ECUEIM1100SQ | ECUEIM110JTQ | ECUE1H110JUQ
12 | ECUEIH1200CQ | ECUEIH1200Q | ECUEIHI200PQ | ECUEIH1200RQ | ECUEIH110JSQ | ECUEIH1200TQ | ECUEIH12000UQ
13| ECUETH130JCQ | ECUE1H130JQ ECUEIH130JPQ | ECUEIH130JRQ | ECUEIM1200SQ | ECUEIH130JQT | ECUE1H130JUQ
15 | ECUEIH1500CQ | ECUEIHI500Q | ECUEIHIS00PQ | ECUEIHI5000RQ | ECUEIH130JSQ | ECUEIH15000TQ | ECUEIH1500UQ
16| ECUEIH160JCQ | ECUEIH16000Q | ECUEIH160JPQ | ECUEIHI60JRQ | ECUEIH15000SQ | ECUEIH160JTQ | ECUELH160JUQ
18 | ECUEIH1800CQ | ECUEIHI800Q | ECUEIHIS800PQ | ECUEIHIS80ORQ | ECUEIH160JSQ | ECUEIH180OTQ | ECUEIH1800UQ
20 | ECUE1H200JCQ | ECUE1H200JQ ECUEIH200JPQ | ECUEIH200JRQ | ECUEIH18000SQ | ECUEIH200JTQ | ECUE1H200JUQ
2 | ECUETIH2200CQ | ECUEIH2200Q | ECUEIH2200PQ | ECUEIH22000RQ | ECUEIH200JSQ | ECUEIH2200TQ | ECUE1H22000UQ
2| ECUE1H240JCQ | ECUE1H240JQ ECUEIH240JPQ | ECUEIH240JRQ | ECUE1M2200SQ | ECUE1H240JTQ | ECUE1H240JUQ
27| ECUEIH2700CQ | ECUEIH2700Q | ECUEIH2400PQ | ECUEIH27000RQ | ECUEIH240JSQ | ECUEIH2700TQ | ECUEIH2700UQ
30| ECUEIH300JCQ | ECUE1H300JQ ECUEIH300JPQ | ECUETIH300JRQ | ECUEIH27000SQ | ECUEIH300JTQ | ECUEIH300JUQ
33| ECUEIH33000CQ | ECUEIH3300Q | ECUEIH3300PQ | ECUEIH3300RQ | ECUEIH300JSQ | ECUEIH33000TQ | ECUE1H339000UQ
36| ECUEIH360JCQ | ECUE1H360JQ ECUEIH360JPQ | ECUETIH360JRQ | ECUEIH33000SQ | ECUEIH360JTQ | ECUEIH360JUQ
39| ECUEIH39000CQ | ECUEIH3900Q | ECUEIH3900PQ | ECUEIH3900RQ | ECUEIH360JSQ | ECUEIH3900TQ | ECUEIH3900UQ
43 ECUE1H430JCQ | ECUE1H430JQ ECUE1H39001SQ ECUE1H430JUQ
i —— ECUE1H4700CQ | ECUE1H47001Q N Cap. Tol, Code™ ECUE1H47000UQ
N ECUEIH510JCQ | ECUE1H510JQ ECUE1H510JUQ
I ECUEIH56000CQ | ECUEIH56001Q ECUE1H56000UQ
82 ECUE1H620JCQ | ECUE1H620JQ ECUE1H620JUQ
T - ECUE1H6800CQ | ECUE1H680CIQ ECUE1H6800UQ
75| ECUEIH750HCQ | ECUELH750JQ ECUE1H750JUQ
8 | ECUE1H8200CQ | ECUE1H82001Q ECUE1H82000UQ
el ECUE1H910JCQ | ECUE1H910JQ ECUE1H910JUQ
100 | ECUETH1010CQ | ECUEIH10101Q ECUE1H10100UQ
110 | ECUEIH111JCQ | ECUEIH111JQ ECUE1H111JUQ
120 | ECUEIH12100CQ | ECUEIH12101Q ECUE1H12100UQ
130 | ECUETH131JCQ | ECUE1H131JQ
150 | ECUEIH1510CQ | ECUEIH14100Q
160 | ECUEIH161JCQ | ECUEIH161JQ
180 | ECUE1H1810CQ | ECUE1H18101Q
200 | ECUE1H201JCQ | ECUE1H201JQ
220 ECUE1H22100CQ | ECUEIH22101Q

L Packing style code*

* Packaging style code: “E” for taped version (taping pitch: 2mm) and “X” for bulk type
** [1: Capacitance tolerance codes
*** Capacitance values of “E24” series and capacitance tolerance of +5% are available on special order.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic Multilayer Ceramic Capacitors/ECU

m Standard Products for “10” Type (EIA “0402” Type), Taped Version
Dim. T (mm) = 0.5

Part Number Part Number
Cap. Capacitance B/X7R B/YsP Capacitance FIYSV
(PF) Tolerance 25VDC 16 VDC Tolerance 25VDC 16 VDC
100 ECUE1E10100BQ
120 ECUE1E121KBQ
150 ECUE1E15100BQ
180 ECUE1E181KBQ
220 ECUE1E22100BQ
270 ECUE1E271KBQ
330 ECUE1E33100BQ
390 ECUE1E391KBQ
470 ECUE1E47100BQ
560 ECUE1E561KBQ
680 ECUE1E68100BQ
820 ECUE1E821KBQ
1,000 ECUE1E10200BQ ECUE1E102ZFQ
1,200 ECUE1E122KBQ
1,500 ECUE1E15200BQ ECUE1E152ZFQ
1,800 ECUE1E182KBQ
2,200 ECUE1E22200BQ ECUE1E222ZFQ
2,700 +10% (K) ECUE1E272KBQ
3,300 or ECUE1E33200BQ +80/-20% ECUELE332ZFQ
3,900 +20% (M) ECUE1E392KBQ @
4,700 ECUE1E47200BQ ECUE1C562KBQ ECUE1E4T72ZFQ
5,600 ECUE1C6820BQ
6,800 ECUE1C822KBQ ECUE1E682ZFQ
8,200 ECUE1C1030BQ
10,000 ECUE1C123KBQ ECUE1E103ZFQ
12,000 ECUE1C15203BQ
15,000 ECUE1C153ZFQ
18,000
22,000 ECUE1C223ZFQ
27,000
33,000 ECUE1C333ZFQ
39,000
47,000 ECUE1C473ZFQ
56,000
68,000 ECUEL1C683ZFQ
82,000
100,000 ECUE1C104ZFQ

* [ Capacitance tolerance codes
** Packaging styles code: “E” for taped version (taping pitch: 2mm) and “X” for bulk type)

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.

Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “11” Type (EIA “0603” Type), Taped Version
[Rated voltage 50 VDC]
Dim. T (mm) = 0.8

Part Number

%SE) (':I%FI) CA (NPO) SL/GP PA (N150) RA (N220) SA (N330) TA (N470) UA (N750)

05| +025pF(C) | ECUVIHORSCCY | ECUVIHORSCY | ECUVIHORSCPV | ECUVIHORSCRV | ECUVIHORSCSV | ECUVIHORSCSV | ECUVIHORSCUV
1| ECUVIHO100CV | ECUVIHO10OV | ECUVIHOI0OPV | ECUVIHOLOORV | ECUVIHO100SV | ECUVIHOL0OTV | ECUVIHOL00UV
15| 025pF(C) | ECUVIHIRSLCV | ECUVIHIRSLV | ECUVIHIRSCPV | ECUVIHIRSCRV | ECUVIHIRSOSV | ECUVIHIRSLTV | ECUVIHIRSOUV
2 | o ECUVIH02000CV | ECUVIH020OV | ECUVIHO200PV | ECUVIHO20ORV | ECUVIHO200SV | ECUVIHO20OTV | ECUVIHO2000UV
3 | *05pF(D) | ECUVIHO30CV | ECUVIHO30OV | ECUVIHO30CPV | ECUVIHO30URV | ECUVIHO30CSV | ECUVIHO30LTV | ECUVIHO30UV
4 ECUVIHO40OCV | ECUVIHO40OV | ECUVIHO40OPV | ECUVIHO40ORV | ECUVIHO4000SV | ECUVIHO40OTV | ECUVIHO40CIUV

5 ECUVIHOS00CV | ECUVIHOS0OV | ECUVIHOS0OPV | ECUVIHOSOCRV | ECUVIHOS0OSV | ECUVIHOSOOTV | ECUVIHOS0CIUV
8 | o5 ECUVIHOBODCY | ECUVIHOBODV | ECUVIHOBODPV | ECUVIHOBODRV | ECUVIHO60DSV | ECUVIHOSODTV | ECUVIHOS0DUV
I ECUVIHO70DCY | ECUVIHO7ODV | ECUVIHO7ODPV | ECUVIHO70DRV | ECUVIHO70DSV | ECUVIHO70DTV | ECUVIHO70DUV
8 ECUVIHOBODCY | ECUVIHOBODV | ECUVIHOBODPV | ECUVIHOSODRV | ECUVIHOS80DSV | ECUVIHOS8ODTV | ECUVIHOS80DUV

9 ECUVIHO90DCY | ECUVIHO90DV | ECUVIHO90DPV | ECUVIHO90DRV | ECUVIHO90DSV | ECUVIHO90DTV | ECUVIHO90DUV

10 |s05pr@orstpi| ECUVIHI00OCV | ECUVIHI00OV | ECUVIHI00OPV | ECUVIHIOOORV | ECUVIHIO0OSV | ECUVIHIOOOTV | ECUVIHI00OUV
12 ECUVIHI200CV | ECUVIHI200V | ECUVIHI200OPV | ECUVIHI20ORV | ECUVIHI200SV | ECUVIHI20OTV | ECUVIH12000UV
15 ECUVIHIS0OCV | ECUVIHIS0OV | ECUVIHIS0OPY | ECUVIHIS0ORV | ECUVIHIS0OSV | ECUVIHISOOTV | ECUVIHIS000UV
18 | ECUVIHIB80OCV | ECUVIHIS8OOV | ECUVIHIS8OOPV | ECUVIHISOORV | ECUVIHISOOSV | ECUVIHISOOTV | ECUVIHIS80CIUV
2 ECUVIH22000CV | ECUVIH2200V | ECUVIH22000PV | ECUVIH2200RV | ECUVIH2200SV | ECUVIH22007V | ECUVIH22000UV
a1 ECUVIH2700CV | ECUVIH2700V | ECUVIH27000PV | ECUVIH2700RV | ECUVIH2700SV | ECUVIH27007V | ECUVIH27000UV
33 ECUVIH3300CV | ECUVIH330OV | ECUVIH330OPV | ECUVIH3300RV | ECUVIH3300SV | ECUVIH330OTV | ECUVIH33000UV
39 ECUVIH390OCV | ECUVIH390OV | ECUVIH390OPV | ECUVIH390CRV | ECUVIH3900SV | ECUVIH390OTV | ECUVIH3900IUV
a7 | ECUVIH47000CV | ECUVIH4700V | ECUVIHA70OPY | ECUVIHA70ORV | ECUVIHA70OSV | ECUVIHA70OTV | ECUVIHA700UV
56 | ECUVIH56000CV | ECUVIH5600V | ECUVIH56000PV | ECUVIHS60CRV | ECUVIHS600ISV | ECUVIHS600TV | ECUVIHS6001UV
68 ECUVIH6B0OCY | ECUVIH6BODV | ECUVIH6BOOPY | ECUVIHG8OCRV | ECUVIHG80SV | ECUVIHGSOOTV | ECUVIHE80CIUV
8 ECUVIH82000CV | ECUVIH820OV | ECUVIH820OPV | ECUVIHB20ORV | ECUVIH82000SV | ECUVIH820OTV | ECUVIH82000UV
100 | ECUVIHIO1OCV | ECUVIHIOIOV | ECUVIHIOLOPV | ECUVIHIOIORV | ECUVIHIOLOSV | ECUVIHIOLOTV | ECUVIHI01OUV
120 | ECUVIHI210CV | ECUVIHI21OV | ECUVIH121OPV | ECUVIHI21ORV | ECUVIM1210SV | ECUVIHI2IOTV | ECUVIH1210UV
150 | ECUVIHIS1OCV | ECUVIHISIOV | ECUVIHISIOPY | ECUVIHISIORV | ECUVIHISIOSV | ECUVIHISIOTV | ECUVIHISLOUV
180 | ECUVIHIB1OCY | ECUVIH181OV ECUVIHIBITRV | ECUVIHIBIOSY | ECUVIHISBIOTV | ECUVIHI81OUV
2L — ECUVIH2210CV | ECUVIH2210V L i e o ECUVIH2210TV | ECUVIH22100UV
m | ECUVIH27100CV | ECUVIH2710V acking style code ECUVIH2710UV
EE ECUVIH3310CV | ECUVIH3310V ECUVIH3310UV
0 | ECUVIH39100CV | ECUVIH3910V ECUVIH3910UV
mo| T ECUVIHA7IOCY | ECUVIH471DV ECUVIHA710UV
560 | ECUVIH5610CY | ECUVIH5610V ECUVIH5610UV
680 | ECUVIH6810CY | ECUVIH6810V ECUV1H6810UV
820 | ECUVIHS2100CV | ECUVIH8210V ECUV1H8210UV
1 ECUVIH10200CV | ECUVIH1020V ECUVIH1020UV
1200 ECUVIH1220V ECUVIH12200UV

L Cap. Tol. Code**

* Packaging style code: “V” for taped version (taping pitch: 4mm) and “X” for bulk type
**[]: Capacitance tolerance codes
*+* Capacitance values of “E24” series and capacitance tolerance of +£5% are available on special order.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “11” Type (EIA “0603” Type), Taped Version

Dim. T (mm) = 0.8

BIXTR B/YSP F/Y5V
Cap. | Capacitance 50 VDC 25VDC 16 VDC Capacitance 50 VDC 25VDC 16 VDC
(pF) Tolerance Part No. Part No. Part No. Tolerance Part No. Part No. Part No.
220 ECUV1H22100BV
270 ECUVIH271KBV
330 ECUV1H33100BV
390 ECUV1H391KBV
470 ECUVIH47100BV
560 ECUV1HS61KBV
680 ECUV1H6811BV
820 ECUV1HS21KBV
1000 ECUV1H102008V ECUVIH102ZFV
1200 ECUVIH122KBV
1500 ECUV1H152008V ECUV1H152ZFV
1800 ECUV1H182KBV
2200 ECUV1H22200BV ECUV1H222ZFV
2700 ECUVIH272KBV
3300 ECUV1H33200BV ECUV1H332ZFV
3900 ECUV1H392KBV
4700 ECUVIH47200BV ECUVIH4T2ZFV
5600 | +10% (K) ECUV1H562KBV
— +80/-20%
6800 or ECUV1H68201BV ECUV1H682ZFV
8200 | 4209 (M) | ECUVIHB22KBV @
10,000 ECUVIH1030BV ECUV1C10301BV ECUV1H103ZFV
12,000 ECUVIH123KBV ECUVLC123KBV
15,000 ECUV1H153008V ECUV1C15301BV ECUV1H153ZFV
18,000 ] ECUVIE183KBV | ECUVIC183KBV
22,000 B ECUV1E22300BV | ECUVIC22301BV ECUV1H223ZFV
27,000 Cap. Tol. code* | ECUVIE273KBV | ECUVIC273KBV
33,000 ECUVIE33300BV | ECUVIC3330BV ECUV1H333ZFV
39,000 ECUVLC393KBV
47,000 ECUV1C4730IBV ECUVIH4T3ZFV
56,000 ECUVLC563KBV
68,000 ECUV1C6830BV ECUV1E683ZFV
82,000 ECUV1C823KBV
100,000 ECUVIC10401BV ECUVIE104ZFV | ECUVIC104ZFV
120,000
150,000 — Packing style code* ECUVIC154ZFV
180,000
220,000 ECUV1C224ZFV
270,000
330,000 ECUVLC334ZFV
390,000
470,000 ECUVLCAT2ZFV

* [ Capacitance tolerance codes
** Packaging styles code: “V" for taped version (taping pitch: 4mm) and “X” for bulk type)

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “11” Type (EIA “0603” Type), Taped Version

Dim. T (mm) = 0.8

BIXTR B/YSP F/Y5V
Cap. | Capacitance 50 VDC 25VDC 16 VDC Capacitance 50 VDC 25VDC 16 VDC
(pF) Tolerance Part No. Part No. Part No. Tolerance Part No. Part No. Part No.
220 ECUV1H22100BV
270 ECUVIH271KBV
330 ECUV1H33100BV
390 ECUV1H391KBV
470 ECUVIH47100BV
560 ECUV1HS61KBV
680 ECUV1H6811BV
820 ECUV1HS21KBV
1000 ECUV1H102008V ECUVIH102ZFV
1200 ECUVIH122KBV
1500 ECUV1H152008V ECUV1H152ZFV
1800 ECUV1H182KBV
2200 ECUV1H22200BV ECUV1H222ZFV
2700 ECUVIH272KBV
3300 ECUV1H33200BV ECUV1H332ZFV
3900 ECUV1H392KBV
4700 ECUVIH47200BV ECUVIH4T2ZFV
5600 | +10% (K) ECUV1H562KBV
— +80/-20%
6800 or ECUV1H68201BV ECUV1H682ZFV
8200 | 4209 (M) | ECUVIHB22KBV @
10,000 ECUVIH1030BV ECUV1C10301BV ECUV1H103ZFV
12,000 ECUVIH123KBV ECUVLC123KBV
15,000 ECUV1H153008V ECUV1C15301BV ECUV1H153ZFV
18,000 ] ECUVIE183KBV | ECUVIC183KBV
22,000 B ECUV1E22300BV | ECUVIC22301BV ECUV1H223ZFV
27,000 Cap. Tol. code* | ECUVIE273KBV | ECUVIC273KBV
33,000 ECUVIE33300BV | ECUVIC3330BV ECUV1H333ZFV
39,000 ECUVLC393KBV
47,000 ECUV1C4730IBV ECUVIH4T3ZFV
56,000 ECUVLC563KBV
68,000 ECUV1C6830BV ECUV1E683ZFV
82,000 ECUV1C823KBV
100,000 ECUVIC10401BV ECUVIE104ZFV | ECUVIC104ZFV
120,000
150,000 — Packing style code* ECUVIC154ZFV
180,000
220,000 ECUV1C224ZFV
270,000
330,000 ECUVLC334ZFV
390,000
470,000 ECUVLCAT2ZFV

* [ Capacitance tolerance codes
** Packaging styles code: “V" for taped version (taping pitch: 4mm) and “X” for bulk type)

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “12” Type (EIA “0805” Type), Taped Version
[Rated Voltage 50 VDC]

Part Number

Cap. Cap. DiTm. DiTm. DiTm. DiTm. DiTm. DiTm. Dgn‘
(pF) Tol. CA(NPO) | SL/GP || PA(NISO0) |gy| RA(N220) |gy| SA(N330) |yl TANATO) || UAN750) |

05 | *0.25pF(C) | ECUVIHORSCCN |06 | ECUVIHORSCN |06 | ECUVIHORSCPN |06 | ECUVIHORSCRN |06 | ECUVIHORSCSN 06 | ECUVIHORSCTN |06 | ECUVIHORSCUN | 06
1] ECUVIHO10OCN |06 | ECUVIHOL0ON |06 | ECUVIHOL0CPN |06 | ECUVIHOL0ORN |06 | ECUVIHOL0OSN |06 | ECUVIHOL0OTN |06 | ECUVIHOI0OUN | 06
151 o FO) ECUVIHIRSCICN |06 | ECUVIHIRSON |06 | ECUVIHIRSOPN |06 | ECUVIHIRSCRN |06 | ECUVIHIRSOSN |06 | ECUVIHIRSOITN |06 | ECUVIHIRSCIUN | 06
2| o ECUVIHO0200CN |06 | ECUVIHO20ON |06 | ECUVIHO20CPN |06 | ECUVIHO20ORN |06 | ECUVIHO20OSN |06 | ECUVIHO20CITN |06 | ECUVIHO2000UN | 06
3 s o) ECUVIHO30OCN |06 | ECUVIHO30CN |06 | ECUVIHO30CPN |06 | ECUVIHO30ORN |06 | ECUVIHO30OSN |06 | ECUVLIHO30CITN |06 | ECUVIHO30OUN | 06
4] ECUVIHO400CN |06 | ECUVIHO40DIN |06 | ECUVIHO40CIPN |06 | ECUVIHO40ORN |06 | ECUVIHO40OSN |06 | ECUVLIHO40CITN |06 | ECUVIHO40OUN | 06

5 ECUVIHOS0OCN |06 | ECUVIHOS0CN |06 | ECUVIHOS0CPN |06 | ECUVIHOS0ORN |06 | ECUVIHOS0OSN |06 | ECUVIHOSOCITN |06 | ECUVIHOS0OUN | 06
6| ECUVIHOBODCN |06 | ECUVIHOBODN |06 | ECUVIHOG0DPN |06 | ECUVIHOBODRN |06 | ECUVIHOBODSN |06 | ECUVIHOSODTN |06 | ECUVIHOBODUN | 06
7 | *05pF ECUVIHO70DCN {06 | ECUVIHO70DN |06 | ECUVIHO70DPN | 06| ECUVIHO7ODRN |06 | ECUVIHO70DSN |06 | ECUVIHO70DTN |06 | ECUVIHO70DUN | 06
8] O ECUVIHO80DCN {06 | ECUVIHOBODN |06 | ECUVIHOBODPN | 06| ECUVIHOBODRN [06 | ECUVIHOBODSN |06 | ECUVIHOBODTN |06 | ECUVIHO8ODUN | 06
9 ECUVIHO90DCN |06 | ECUVIHO90DN |06 | ECUVIHO90DPN |06 | ECUVIHO90DRN |06 | ECUVIHO90DSN |06 | ECUVIHO90DTN |06 | ECUVIHOS0DUN |06
10 |+05pF (0)or+1pf(m| ECUVIHI00CN |06 | ECUVIHI00ON |06 | ECUVIHI00CPN |06 | ECUVIHL00ORN |06 | ECUVIHIOOOSN 06 | ECUVIHI0OCTN |06 | ECUVIHI00CUN | 06
1| ECUVIH12000CN |06 | ECUVIHI20ON |06 | ECUVIHI200PN |06 | ECUVIHI200RN |06 | ECUVIHI200SN |06 | ECUVLIHI20OTN |06 | ECUVIH12000UN | 06
15| ECUVIHI500CN |06 | ECUVIHIS0ON |06 | ECUVIHI500PN |06 | ECUVIHIS0ORN |06 | ECUVIHIS0OSN |06 | ECUVIHIS0OTN |06 | ECUVIHIS0OUN | 06
18| ECUVIHI80OCN |06 | ECUVIHIB0DIN |06 | ECUVIHIB0CIPN |06 | ECUVIHIB0ORN |06 | ECUVIHI80OSN |06 | ECUVLIHIB0CTN |06 | ECUVIHIB0OUN | 06
2 | ECUVIH22000CN |06 | ECUVIH220ON |06 | ECUVIH2200PN |06 | ECUVIH2200RN |06 | ECUVIH2200SN |06 | ECUVLIH22000TN |06 | ECUVIH22000UN | 06
a | ECUVIH2700CG |06 | ECUVIH27000G |06 | ECUVIH2700PN |06 | ECUVIH2700RN |06 | ECUVIH2700SN |06 | ECUVLIH2700ITN |06 | ECUVIH27000UN | 06
3| ECUVIH3300CG |06 | ECUVIH33000G |06 | ECUVIH3300PN |06 | ECUVIH330ORN |06 | ECUVIH330OSN |06 | ECUVIH330CTN |06 | ECUVIH3300UN | 06
N ECUVIH3900CG |06 | ECUVIH39000G |06 | ECUVIH390CIPN |06 | ECUVIH390CRN |06 | ECUVIH390OSN |06 | ECUVLIH390CITN |06 | ECUVIH390OUN | 06
41| ECUVIH4700CG |06 | ECUVIHA7000G |06 | ECUVIHATOCIPN |06 | ECUVIHATOORN |06 | ECUVIHA7OOSN |06 | ECUVLIHATOCITN |06 | ECUVIHATOOUN | 06
56| ECUVIH5600CG |06 | ECUVIH56000G |06 | ECUVIH56000PN |06 | ECUVIHS60CRN |06 | ECUVIHS600SN |06 | ECUVIHS60CITN |06 | ECUVIHS6000UN | 06
68| ECUVIH6800CG |06 | ECUVIHB8000G |06 | ECUVIHB80CIPN |06 | ECUVIHGB0CRN |06 | ECUVIHGB0OSN |06 | ECUVLIHBB0CITN |06 | ECUVIHBBOCIUN | 06
8 | ECUVIHB200CG |06 | ECUVIH82000G |06 | ECUVIHB20CIPN |06 | ECUVIHB200RN |06 | ECUVIHB200SN |06 | ECUVLIHB20CITN |06 | ECUVIHB2000UN | 06
100 | ECUVIH1010CG |06 | ECUVIHI010G |06 | ECUVIHI01CPN |06 | ECUVIHI0LORN |06 | ECUVIHI0LOSN |06 | ECUVIHIO1OTN |06 | ECUVIHI0LOUN | 06
120 | ECUVIH1210CG |06 | ECUVIHI210G |06 | ECUVIHI21CPN |06 | ECUVIHI21ORN |06 | ECUVIHI21OSN |06 | ECUVIHI21OTN |06 | ECUVIHI210UN | 06
150 | ECUVIHI510CG |06 | ECUVIHI510G |06 | ECUVIHIS1CPN |06 | ECUVIHISLORN |06 | ECUVIHISLOSN |06 | ECUVIHISIOTN |06 | ECUVIHISLOUN | 06
180 | ECUVIH1810CG |06 | ECUVIHIB1OG |06 | ECUVIHIBICIPN |06 | ECUVIHIBLORN |06 | ECUVIHI8LOSN |06 | ECUVIHIBIOTN |06 | ECUVIHIBLOUN | 06
Rz ECUVIH2210CG |06 | ECUVIH2210G |06 | ECUVIH2210PN |06 | ECUVIH2210RN |06 | ECUVIH2210SN |06 | ECUVIH22100TN |06 | ECUVIH2210UN | 06
2 | 0 ECUVIH2710CG |06 | ECUVIH2710G |06 | ECUVIH2710PN |06 | ECUVIH27LORN |085| ECUVIH27LOSN |085| ECUVIH27100TN |06 | ECUVIH27LOUN | 06
330 | o ECUVIH3310CG |06 | ECUVIH33100G |06 | ECUVIH331CPN |06 | ECUVIH33LORN |085| ECUVIH33LOSN |085| ECUVIH331OTN |0:85| ECUVIH33LOUN | 06
U ECUVIH3910CG |06 | ECUVIH39100G |06 06 | ECUVIH39LORN [085| ECUVIH391OSN 085| ECUVIH391ITN |0:85| ECUVIH3910UX | 06
40| " ECUVIH471OCX |06 | ECUVIHATIOX |06 06 ECUVIH471OSN |085| ECUVIHATICITN |085| ECUVIHATLOUX | 06
560 | ECUVIH5610CX |06 | ECUVIHS610X |06 06 } ECUVIH5610UX | 06
680 | ECUVIHE810CX [06 | ECUVIHB81OX |06 06 Packing style code* ECUVIHB810UX | 06
820 | ECUVIHB210CX |06 | ECUVIH821OX |06 06 ECUVIH8210UX | 06
1000 | ECUVIH1020CX |06 | ECUVIH1020X |06 06 ECUVIH1020UX | 06
1200 | ECUVIH1220CX |06 | ECUVIHI2200X |06 06 ECUVIH1220UX | 06
1500 | ECUVIH1520CX |06 | ECUVIHI520X |06 06 ECUVIH1520UX | 06
1800 | ECUVIH1820CX |06 | ECUVIH1820X |06 06 ECUVIH1820UX | 06
2200 | ECUVIH22200CX |06 | ECUVIH22200X 06 06 ECUVIH2220UX | 06
2,700 ECUVIH2720CX |085| ECUVIH2720X  |085 06 ECUVIH2720UX | 06
L

Cap. Tol. Code**
* Packaging style code: “V" for taped version (taping pitch: 4mm) and “X” for bulk type
** [ Capacitance tolerance codes
*** Capacitance values of “E24” series and capacitance tolerance of +5% are available on special order.

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “12” Type (EIA “0805” Type), Taped Version

B/X7R B/Y5P FIY5V

Cap. Cap. 50 VDC 25VDC 16 VDC Cap. 50 VDC 25VDC 16 VDC

(pF) | Tol. PartNo.  fnf| PartNo. |%m'| PartNo. |fnf| Tol. PartNo. [Qnf| PartNo. |fn7| PartNo. |nf

220 ECUVIH2210BN | 06

270 ECUVIH2710BN | 06

330 ECUVIH3310BN | 06

390 ECUVIH391KBN | 06

470 ECUVIHATIOBN | 06

560 ECUVIH561KBN | 06

680 ECUVIH6810BN | 06

820 ECUVIH821KBN | 06

1,000 ECUVIH1020BN | 06 ECUVIH102ZFN | 0.6

1,200 ECUVIH122KBN | 06

1,500 ECUVIH1520BN | 06 ECUVIHI152ZFN | 0.6

1,800 ECUV1H182KBN | 06

2,200 ECUVIH22200BN | 06 ECUVIH222ZFN | 0.6

2,700 ECUVIH272KBN | 06

3,300 ECUVIH3320BN | 06 ECUVIH332ZFN | 0.6

3,900 ECUVIH392KBN | 06

4,700 ECUVIHA47200BG | 06 ECUVIHAT2ZFN | 0.6

5600 | +10% | ECUVIH562KBG | 06

6,800 (K) | ECUVIH68201BG | 06 _;2(‘;) ECUVIH682ZFN | 0.6

8,200 or | ECUVIH822KBG | 06

10,000 | +20% | ECUVIH1030IBG | 06 @ ECUVIH103ZFG | 0.6

12,000 | (M) |ECUVIHI23KBX | 06

15,000 ECUVIHI1530BX | 06 ECUVIH153ZFG | 0.6

18,000 ECUVIHI183KBX | 06 | ECUVIE183KBX | 06

22,000 ECUVIH2230BX | 06 | ECUVIE2230IBX | 06 ECUVIH223ZFG | 0.6

27,000 ECUVIH273KBX | 06 | ECUVIE273KBX | 06

33,000 ECUVIH3330BX | 06 | ECUVIE333[BX | 06 ECUVIH333ZFX | 0.6

39,000 ECUVIH393KBX | 085 | ECUVIE393KBX | 06

47,000 ) ECUVIE4730BX | 085 | ECUVICA73[BX | 0.85 ECUVIHAT3ZFX | 0.6

56,000 | ECUVIES63KBX | 085 | ECUVIC563KBX | 0.85

68,000 Cap. Tol. code* ECUVIE6830BX | 085 | ECUVIC683[IBX | 0.85 ECUVIH683ZFX | 0.6 | ECUVIEG83ZFX | 0.6

82,000 ECUVIEB23KBX | 085 | ECUVIC823KBX | 0.85

100,000 ECUVIE10400BX | 085 | ECUVIC104CIBX | 0.85 ECUVIH104ZFC | 0.85 | ECUVIE104ZFX | 0.6 | ECUVICI04ZFX [0.6
120,000 L f ECUVIC124KBX | 0.85

150,000 Packing sty|e codg** — ECUVIC15400BX | 0.85 ECUVIE154ZFX | 0.6 | ECUVIC154ZFX | 0.6
180,0000 ECUVIC184KBX | 0.85

220,000 ECUVC22400BX | 0.85 ECUV1E2247FC | 0.85 | ECUVIC224ZFX | 0.6
330,000 ECUVIC334ZFX |0.85
470,000 ECUVICA7AZFX |0.85
680,000 ECUVICEBAZFX | 0.85
1,000,000 ECUVIC105ZFX |0.85

* [ Capacitance tolerance codes
** Packaging styles code: “V” for taped version (taping pitch: 4mm) and “X” for bulk type)

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “13” Type (EIA “1206” Type), Taped Version
[Rated Voltage 50 VDC]

Part Number

Cap. Cap. DiTm. DiTrn. DiTm. DiTm. DiTm. DiTm. DiTm.
(pF) Tol. CA(NPO) | SLGP || PA(NISO0) |gy| RA(N220) |gy| SA(N330) || TANATO) |gm| UANTS0)  |mm
05| +0.25pF(C) | ECUVIHORGCCM |06 | ECUVIHOR6CM |06 | ECUVIHOR6CPM |06 | ECUVIHOR6CRM |06 | ECUVIHOR6CSM |06 | ECUVIHOR6CTM |06 | ECUVIHORG6CUM | 06
1] ECUVIHO10OCM |06 | ECUVIHO10OM |06 | ECUVIHO100PM |06 | ECUVIHO10ORM |06 | ECUVIHOL10OSM |06 | ECUVIHOL000TM |06 | ECUVIHO1000UM | 06
15 o ) ECUVIHIRSCICM |06 | ECUVIHIRSOM |06 | ECUVIHIRSOPM |06 | ECUVIHIRSCIRM |06 | ECUVIHIRSOSM |06 | ECUVIHIRSOITM |06 | ECUVIHIRSCUM| 06
2| o ECUVIH02000CM |06 | ECUVIHO20OM |06 | ECUVIHO200PM |06 | ECUVIHO200RM |06 | ECUVIHO0200SM |06 | ECUVIHO2000TM |06 | ECUVIH02000UM | 06
3| +055F () ECUVIH0300CM |06 | ECUVIHO30OM |06 | ECUVIHO30CPM |06 | ECUVIHO30ORM |06 | ECUVIHO30OSM |06 | ECUVIHO30CITM |06 | ECUVIHO30OUM | 06
4] ECUVIHO0400CM |06 | ECUVIHO40OM |06 | ECUVIHO400IPM |06 | ECUVIHO40ORM |06 | ECUVIHO40OSM |06 | ECUVIHO40CDTM |06 | ECUVIHO40O0UM | 06
5 ECUVIHO0500CM |06 | ECUVIHOS00M |06 | ECUVIHOS00PM |06 | ECUVIHOS0ORM |06 | ECUVIHOS0OSM |06 | ECUVIHOS0ODTM |06 | ECUVIHOS0OUM | 06
6 | ECUVIHO60DCM |06 | ECUVIHOB0DM |06 | ECUVIHO60DPM |06 | ECUVIHOBODRM |06 | ECUVIHOBODSM |06 | ECUVIHO60DTM |06 | ECUVIHOBODUM | 06
7 | *05pF ECUVIHO70DCM |06 | ECUVIHO70DM |06 | ECUVIHO70DPM |06 | ECUVIHO7ODRM |06 | ECUVIHO70DSM |06 | ECUVIHO70DTM |06 | ECUVIHOTODUM | 06
8] O ECUVIHO80DCM |06 | ECUVIHOB0DM |06 | ECUVIHOB0DPM |06 | ECUVIHOBODRM |06 | ECUVIHOBODSM |06 | ECUVIHO8ODTM |06 | ECUVIHOBODUM | 06
9 ECUVIHO90DCM |06 | ECUVIHO90DM |06 | ECUVIHO90DPM |06 | ECUVIHO90DRM |06 | ECUVIHO90DSM |06 | ECUVIHO90DTM |06 | ECUVIHO90DUM | 06
10 |+05pF (D)or+1pf(H| ECUVIHI000CM |06 | ECUVIHI00OM |06 | ECUVIHI00CPM |06 | ECUVIHL00RM |06 | ECUVIHI00CISM |06 | ECUVIHL00CITM |06 | ECUVIHI00UM | 06
12| ECUVIH1200CM |06 | ECUVIHI20OM |06 | ECUVIH12000PM |06 | ECUVIH1200RM |06 | ECUVIH1200SM |06 | ECUVIHI2000TM |06 | ECUVIH12000UM | 06
15 | ECUVIH1500CM |06 | ECUVIHI500M |06 | ECUVIH15000PM |06 | ECUVIHI500RM |06 | ECUVIHI500SM |06 | ECUVIHI5000TM |06 | ECUVIHI5000UM | 06
18 | ECUVIH180CM |06 | ECUVIHI80OM |06 | ECUVIH180CPM |06 | ECUVIHI80ORM |06 | ECUVIHI80OSM |06 | ECUVIHI80OTM |06 | ECUVIH180OUM | 06
2 | ECUVIH2200CM |06 | ECUVIH220OM |06 | ECUVIH22000PM |06 | ECUVIH2200RM |06 | ECUVIH22000SM |06 | ECUVIH22000TM |06 | ECUVIH22000UM | 06
| ECUVIH2700CM |06 | ECUVIH2700M |06 | ECUVIH27000PM |06 | ECUVIH2700RM |06 | ECUVIH2700SM |06 | ECUVIH27000TM |06 | ECUVIH27000UM | 06
3| ECUVIH3300CM |06 | ECUVIH330OM |06 | ECUVIH3300PM |06 | ECUVIH3300RM |06 | ECUVIH33000SM |06 | ECUVIH33000TM |06 | ECUVIH33000UM | 06
3 | ECUVIH3900CM |06 | ECUVIH3900M |06 | ECUVIH3900PM |06 | ECUVIH390ORM |06 | ECUVIH390OSM |06 | ECUVIH390CITM |06 | ECUVIH3900UM | 06
41| ECUVIH4700CM |06 | ECUVIHA7O0OM |06 | ECUVIHATOCIPM |06 | ECUVIHATOORM |06 | ECUVIHA7OOSM |06 | ECUVIHATOLITM |06 | ECUVIHATOOUM | 06
56| ECUVIH56000CM |06 | ECUVIH56000M |06 | ECUVIH56000PM |06 | ECUVIH56000RM |06 | ECUVIHS6000SM |06 | ECUVIHS6000TM |06 | ECUVIHS6000UM | 06
68| ECUVIH6800CM |06 | ECUVIHB80CM |06 | ECUVIHB80CIPM |06 | ECUVIH6B0CRM |06 | ECUVIH680CISM |06 | ECUVIHB80CITM |06 | ECUVIHEBOCIUM | 06
8 | ECUVIHB2000CM |06 | ECUVIH820OM |06 | ECUVIH8200PM |06 | ECUVIH8200RM |06 | ECUVIHB2000SM |06 | ECUVLIHB20CDTM |06 | ECUVIH82000UM | 06
100 | ECUVIHI01OCH |06 | ECUVIHIO1OH |06 | ECUVIH10100PM |06 | ECUVIHI010RM |06 | ECUVIHI010SM |06 | ECUVIHI0100TM |06 | ECUVIH1010UM | 06
120 | ECUVIH1210CH (06 | ECUVIHI2IOH |06 | ECUVIHI2100PM |06 | ECUVIH1210RM |06 | ECUVIH1210SM |06 | ECUVIHI2100TM |06 | ECUVIH1210UM | 06
150 | ECUVIHI510CH |06 | ECUVIHIS1OH |06 | ECUVIHI5100PM |06 | ECUVIHI51ORM |06 | ECUVIHISLOSM |06 | ECUVIHIS1OTM |06 | ECUVIHISLOUM | 06
180 | ECUVIHI8LOCH |06 | ECUVIHIBIOH |06 | ECUVIHIB1CPM |06 | ECUVIHIBLORM |06 | ECUVIHI8LOSM |06 | ECUVIHIB1OTM |06 | ECUVIHIBLOUM | 06
2L ECUVIH2210CH (06 | ECUVIH2210H |06 | ECUVIH22100PM |06 | ECUVIH2210RM |06 | ECUVIH22105M |06 | ECUVIH22100TM |06 | ECUVIH2210UM | 06
an | 0 ECUVIH2710CH |06 | ECUVIH2710H |06 | ECUVIH27100PM |06 | ECUVIH2710RM |06 | ECUVIH2710SM |06 | ECUVIH27100TM |06 | ECUVIH27L0UM | 06
330 | o ECUVIH33LOCH (06 | ECUVIH3310H |06 | ECUVIH33100PM |06 | ECUVIH33LORM |06 | ECUVIH33LOSM |06 | ECUVIH3310TM |06 | ECUVIH33LOUM | 06
30w ECUVIH3910CH |06 | ECUVIH3910H |06 | ECUVIH3910PM |06 | ECUVIH3910RM |06 | ECUVIH391OSM |06 | ECUVIH39100TM |06 | ECUVIH39100UM | 06
4n_| " ECUVIH4710CH (06 | ECUVIHATIOH |06 | ECUVIHATICPM |06 | ECUVIHATLORM |06 | ECUVIHATLOSM |06 | ECUVIHATIOTM |06 | ECUVIHATLOUM | 06
560 | ECUVIH5610CH |06 | ECUVIHS610H |06 | ECUVIH56100PM |06 | ECUVIH5610RM |06 | ECUVIHS610SM |06 | ECUVIHS6100TM |06 | ECUVIHS6100UM | 06
680 | ECUVIH68LOCH |06 | ECUVIHB81CH |06 | ECUVIHE81CPM |085] ECUVIH68LORM |085| ECUVIH68LOSM |06 | ECUVIHB81CTM |06 | ECUVIHEBLOUM | 06
820 | ECUVIHB210CH (06 | ECUVIH821CH |06 | ECUVIH8210PM |085] ECUVIH8210RM |085| ECUVIH8210SM |085| ECUVLIHB2100TM |06 | ECUVIHB2100UM | 06
1000 ECUVIH1020CH |06 | ECUVIHI02OH |06 | ECUVIH10200PM |085] ECUVIH1020RM |085| ECUVIH1020SM |085| ECUVIH10200TM |0:85| ECUVIH1020UM | 06
1200 ECUVIH1220CW |06 | ECUVIH1220W |06 | ECUVIH12200PM |085] ECUVIH1220RM |085| ECUVIH1220SM |085| ECUVLIH12200TM |0:85| ECUVIH1220UM | 06
1500 | ECUVIH1520CW |06 | ECUVIH1520W |06 | ECUVIH15200PM |1.15] ECUVIHI520RM |1.15| ECUVIHI520SM |085| ECUVLIH15200TM |0:85| ECUVIH1520UW | 06
1800 | ECUVIH1820CW |06 | ECUVIH1820W |06 ECUVIH1820SM |1.15| ECUVIH18200TM |1.15| ECUVIH1820UW | 06
2200 | ECUVIH2220CW |06 | ECUVIH2220W 06 [} ECUVIH2220TM |1.15| ECUVIH22200UW | 06
2700 | ECUVIH27200CW [06 | ECUVIH2720W |06 Packing style code* ECUVIH27200UW | 06
3300 | ECUVIH3320CW |06 | ECUVIH3320W |06 ECUVIH3320UW | 06
3900 | ECUVIH3920CW (06 | ECUVIH3920W 06 ECUVIH3920UW | 06
4700 | ECUVIH4720CW (06 | ECUVIHAT2OW |06 ECUVIH4T20UW | 06
5600 | ECUVIH5620CW [085 ECUVIHS620W |06 ECUVIH5620UW | 06
6800 | ECUVIH68200CW (085 13 Cap. Tol. Code™
8200 | ECUY1H8220CW |15
10000 ECUY1H1030CW |15

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.
Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Standard Products for “13” Type (EIA “1206” Type), Taped Version

BIXTR B/Y5P FIYSV
cap. | cap. 50 VDC 25 VDC 16 VDC Cap. 50 VDC 25 VDC 16 VDC
(pF) | Tol. PartNo. [Qnf| PartNo. |fn7| PartNo. |fnr| Tol. PartNo. [Gnf| PartNo. |fmn'| PartNo. | fnf
220 ECUVIH22100BM | 06
210 ECUVIH27100BM | 06
33 ECUVIH3310BM | 06
39 ECUVIH39LKBM | 06
470 ECUVIHATLCIBM | 06
560 ECUVIHS61KBM | 06
680 ECUVIHG8LCIBM | 06
820 ECUVIHB21KBM | 06
1,000 ECUVIH102008M | 06 ECUVIHI02ZFM | 06
1,200 ECUVIHI22KBM | 06
1500 ECUVIH152008M | 06 ECUVIHIS2ZFM | 06
1,800 ECUVIH182KBM | 06
2,200 ECUVIH22200BM | 06 ECUVIH222ZFM | 06
2,700 ECUVIH272KBM | 06
3,300 ECUVIH332008M | 06 ECUVLH332ZFM | 06
3,900 ECUVIH392KBM | 06
4700 ECUVIHAT20IBM | 06 ECUVIHAT2ZFM | 06
5600 | +10% | ECUVIHS62KBM | 06
6800 | (k) |ECUVIH6820BM | 05 _;z; ECUVLHBB2ZFM | 06
8200 | or |ECUVIHB22KBM | 06
10,000 | +20% | ECUVIH103CBM | 06 @ [Ecuvirioszem | 06
12000 | (M) |ECUVIHI23KBM | 06
15,000 ECUVIH1530BM | 06 ECUVIHIS3ZFM | 06
18,000 ECUVIHI83KBM | 06
22,000 ECUVIH2230BM | 06 ECUVIH223ZFM | 06
27,000 ECUVIH273KBW | 06
33,000 ECUVIH3330BW | 06 | ECUVIE333CBW | 06 ECUVIH333ZFM | 06
39,000 ECUVLH393KBW | 085 | ECUVLE393KBW | 06
47,000 ECUVIHAT3BW ECUVLEA730BW | 06 085 ECUVIHAT3ZFM | 06
56,000 ECUVLH563KBW ECUVIES63KBW | 06 085
68,000 ECUV1H683CBW ECUVIEG83CIBW | 06 085 ECUVLHBB3ZFW | 06
82,000 ECUVLHB23KBW ECUVLEB23KBW | 06 085
100,000 ECUVIH104BW ECUVIELOACIBW | 085 | ECUVLC10401BW | 0.85 ECUVIHIOAZFW | 06 | ECUVIELO4ZFW | 06
120,000 A ECUVIEL24KBW | 085 | ECUVLCI24KBW | 0.85
150,000 ECUVIELS4CBW | 085 | ECUVLCI5401BW | 0.85 ECUVIHISAZFW | 06 | ECUVIELS4ZFW | 06
180,000 | Cap. Tol. code* ECUVIELB4KBW | 085 | ECUVLCI84KBW | 085
220,000 ECUVLE224CBW | 085 | ECUVC224BW | 085 ECUVIH224ZFW | 06 | ECUVIEZ24ZFW | 06
270,000 N ECUVLC274KBW
330,000 Packing style code™ — ECUVLC334CBW ECUVIE334ZFW | 06
390,000 ECUVLC394KBW
470,000 ECUVCA74CBW ECUVIE474ZFW | 06
560,000 ECUVLCS64KBW
680,000 ECUVLC684CBW ECUVLCGB4ZFW | 0.85
820,000 ECUYLC824KBW
1,000,000 ECUYCL050BW ECUVLCI05ZFW |0.85
1,500,000 ECUVLCIS5ZFW |0.85
2,200,000 ECUVLC225ZFW | 085

Design and specifications are subject to change without notice. Ask factory for technical specifications before purchase and/or use.

Whenever a doubt about safety issues arises from this product, please inform us immediately for technical consultation.



Panasonic

Multilayer Ceramic Capacitors/ECU

m Packaging Specifications

Standard Packing Quantity

Size Code | Thickness Paper Taping Embossed Taping Bulk Bulk Case
10 (0402) 0.5mm Pitch 2mm: 10,000 (50,000) pcs./reel — 1,000 pes./bag 50,000 pcs./case
11 (0603) Pitch 2mm: 8,000 (20,000) pcs./reel — 1,000 pcs./bag
0.8mm - 15,000 pcs./case
Pitch 4mm: 4,000 (10,000) pcs./reel — 1,000 pes./bag
Pitch 2mm: 10,000 (40,000) pcs./reel — 1,000 pes./bag
0.6mm - 10,000 pcs./case
12 (0805) Pitch 4mm: 5,000 (20,000) pcs./reel — 1,000 pcs./bag
0.85mm Pitch 4mm: 4,000 (10,000) pcs./reel — 1,000 pcs./bag —
1.25mm — — 1,000 pcs./bag —
0.6mm Pitch 4mm: 5,000 (20,000) pcs./reel — 1,000 pcs./bag —
13 (1206) 0.85mm Pitch 4mm: 4,000 (10,000) pcs./reel — 1,000 pes./bag —
1.15mm — Pitch 4mm: 2,000 (10,000) pcs./reel 1,000 pcs./bag —
() for large size reel applied
Paper Taping
Py 2mm Feeding hole Py 4mm
eeding Feeding hole hi K
i Do Chip pocket @Do Chip pocket
/ A A A AN AN AN A
N O OO
W«ﬁ*’/ Vool i g
mom m f I—L
il
Py ‘ P2| Po | Tape running direction
‘E‘ Chip component ‘ P; | P, ‘ Py ‘ Tape running direction ‘
Dimensions Dimensions
Type A B W F E P Type A B W F E [

10 0.65 1.15 11 1.10 1.90
(0402) | +0.05 +0.05 (1206) | =+0.10 +0.10

1 1.10 1.90 8.0 3.50 1.75 2.00 12 1.65 24 8.0 3.50 1.75 40
(1603) | +0.10 | +0.10 | 0.2 | #0.05 | #0.10 | 0.05 (1206) | +020 | 0.2 02 | $005 | 010 | 0.1

12 1.65 24 13 20 3.6
(0805) | %0.20 +0.2 (1206) | 402 +0.2
Type P, Po @D, ty t, Type P, Po @Dy t, t,

10 11
(0402) 0.7 max. 1.0 max. (1206)

11 2.00 4.0 15 12 2.00 4.0 15 11 14
(1603) +0.05 0.1 +0.1/0 (1206) +0.05 0.1 +0.1/0 max. max.
— 1.1 max. 1.4 max. e |

12 13
(0805) (1206)
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m Packaging Specifications (contd)
Embossed Taping

Reel for Taping
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$180%-1 | $60%05 | 13.0%05| 21.0°° | 2.0 9.0** 1.3 13 2.00 4.0 15 0.6 15
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(): Large size taping reel
Leader Park and Taped End Bulk Case
Tape end
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‘ 40 min. ‘ 20
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Leader part h ny t
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a0 00 v
110
40 min. 200 min. I |
Vacant position Top cover tape Unit: mm
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m Typical Temperature Characteristics
Class 1 (T.C. Type)

[RH (-220460 ppm/°C)]

[PH (-150+60 ppm/°C)]
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Safety Precautions
series: ECU

The Multilayer Ceramic Chip Capacitors (hereafter referred to as “The Capacitors” may fail in a short circuit mode in an open-circuit
mode, when subjected to severe conditions of electrical, environmental, and/or mechanical stresses beyond the specified “Ratings”
and specified “Conditions” in the catalog and the specifications, resulting in burnout, flaming, or glowing in the worst case.

m Packaging Specifications

1.1 Operating Temperature Range

The specified “Operating Temperature Range” in this
catalog is absolute maximum and minimum temperature
rating. So, in any case, each of the capacitors should be
operated within the specified operating temperature range.

1.2 Designs of Voltage Applications

The capacitors should not be operated exceeding the
specified rated voltage in this catalog. If voltage ratings are
exceeded, the capacitors could result in failure or damage.
In case of application of DC and AC voltage to the
capacitors, the designed peak voltage to the capacitors, the
designed peak voltage should be within the specified rated
voltage.

In case of AC pulse voltage, the peak voltage (peak to peak)
should be within the specified rated voltage. If high
frequency voltage or fast-rising pulse voltage is applied
continuously even within the rated voltage, contact our
engineering section before use.

1.3 Charging and Discharging Current

The capacitors should not be operated beyond the specified
“maximum charging/discharging current ratings” in the
specifications. Applications to a low impedance circuit such
as a “secondary power circuit” are not recommended for
safety.

1.4 Temperature Rise by Dielectric Loss of the Capacitor
The “Operating Temperature Range” mentioned above shall
include a maximum surface temperature rise of 20°C, which
is caused by the dielectric loss of the capacitor and applied
electrical stresses (such as voltage, frequency, and wave
form, etc.).

It is recommended to measure and check “surface
temperature of the capacitor” in your equipment at your
estimated/designed maximum ambient temperature.

1.5 Restriction on Environmental Conditions
The capacitors should not be operated and/or stored under
the following environmental conditions:

« Direct exposure to water or salt water
= Direct exposure to sunlight
* Under conditions of dew formation

« Under conditions of corrosive atmospheres such as
hydrogen sulfide, sulfurous acid, chlorine, or
ammonia.

« Under severe conditions of vibrations or shock beyond
the specified conditions in the specifications.

1.6 Secular Changes in Capacitance
(1) Peculiar characteristics of “secular changes in
capacitance” are observed in the capacitors (class 2

high dielectric constant. Temperature characteristics
“X7R” and “Y5V”). The “secular changes” shall be
considered in your circuit design.

(2) The capacitance changes, due to the individual
characteristics or ceramic dielectric materials applied,
can be recovered to each initial value at shipping by a
heat treatment (140° to 150°C for one hour).

(The recovered capacitance of Class 2 capacitor shall
be measured at the standard test condition after
recovery times of 48 hours.)

m Design of Printed Circuit Board

2.1 Selection of Printed Circuit Boards

When the capacitors are mounted and soldered on an
“aluminum substrate,” the substrate has influences on
capacitor’s reliability against “temperature cycles” and “heat
shock” because of difference of thermal expansion
coefficient between them. It should be carefully confirmed
that the actual board supplied does not deteriorate the
characteristics of the capacitors.

2.2 Design of Land Pattern
» Recommended dimensions of lands: As shown below
in Figure 1 and Table 1.

Note: Too large land requires excess amount of solder.
The dimensions should be symmetrical.

Figure 1
Recommended Land Dimensions

Land SMC

Solder
Resist

)

(Unit: mm)

Table 1
Recommended Land Dimensions in mm

si Component Land Dimensions Land Dimensions
C(;fjee Dimensions for Flow Soldering | for Reflow Soldering
(EIA) L W T a b c a b c
05~ |20 44~ 10- 18- 3B 12-
13(1206) | 32 | 16 125 p4 48 13 24 4 16
] N Rl ol N ol ol

0
11 (0603 0.8- |20- [0.6- 08- 20- 08-
(003) | 16 | 08 08 10 26 08 10 2 14

100402 {10 |05 |05 | — | — |— k05 3t 0%
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2.2 Design of Land Pattern (cont'd)
* Recommended amount of solder (shown in Figure 2).
Excessive amount of solder gives large mechanical
stresses to the capacitors/components.

Figure 2.
Recommended Amount of Solder

Recommended
Excessive amount Appropriate amount Too small amount
of solder of solder of solder
Solder Solder Solder
[ | B | & |
PC board PC board PC board

2.3 Component Layout

When placing/mounting the capacitors/components near an
area which is apt to bend or a grid groove on the PC board,
it is advisable to have both electrodes subjected to uniform
stresses, or to position the components’ electrodes at right
angles to the gride groove or bending line.

Figure 3
Component Layout

Cracked SMCs SMC breakage probability by stress at
located at an easily warped a breakaway.
X O
imf A g
Do
X 2 g
|
c J A
[ o
Uneven mounting density o N D S
O =Proper o
X = Improper on
/\ = Improver (under certain occasions)

Probability at which the chip capacitor is broken by the stress on PC board break:
A>C>B=D

2.4 Mounting Density and Spaces

Placement in too narrow spaces between components may
cause “solder bridges” during soldering. The minimum
space between components should be 0.5mm in view of the
positioning tolerances of the mounting machines and the
dimensional tolerances of components and PC boards.

2.5 Applications of Solder Resist

Applications of solder resist are effective to prevent solder
bridges and to control amounts of solder on PC boards and
shown in the following table.

Recommended Examples of

Application Examples Solder Bridges
Narrow spaqing Solder resist Solder bridge
between chip
components
Radial components
are directly Solder resist Solder bridge
connected to chip
components
Common lands Solder resist Solder bridge
(chassis, etc.) are I_E“=‘]:[LI ,_|:|¢_4]:[;|
close to chip - -
components

m Precautions for Assembly
3.1 Adhesives for Mounting

Selection of adhesives
e The viscosity of an adhesive for mountings shall be
such that the adhesive does not flow off on the land
during its curing.
e If the adhesive is too low in its viscosity, mounted
components may be out of alignment after or during
soldering.

e The adhesives shall not be corrosive or chemically
active to the mounted components and the PC boards.

e The amount of adhesive shall be such that the
adhesive does not flow off or be out of alignment.

Curing Conditions
< Adhesives for mountings can be cured by ultraviolet or
infrared radiation. In order to prevent the terminal
electrodes of the capacitors from oxidizing, the curing
shall be done at conditions of 160°C max., for two (2)
minutes max.

3.2 Chip Mounting Considerations

In mounting the capacitors/components on a printed circuit
board, any bending and expanding force against them
should be kept to a minimum to prevent them from
becoming damaged or cracked.

 Maximum stroke of the vacuum nozzle should be
adjusted so the pushing force to the printed circuit
board should be limited to a static board of 1 to 3N
(100 to 300 gf). (See Figure 4.)

Figure 4

Vacuum nozzle Vacuum nozzle

I LU | B

PC board

O =Proper X = Improper
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3.2 Chip Mounting Considerations (cont'd)
« The printed circuit board should be supported by
means of adequate supporting pins as shown in
Figure 5.

Figure 5

Improper Proper
Vacuum nozzle Vacuum nozzle
" for chip mounting .~ for chip mounting
= =1
- H\/H -

Pins for supporting

Printed circuit board

3.3 Soldering Flux and Solder

Soldering Flux
* The content of halogen in the soldering flux should be
0.2 wt% or less.

* Rosin-based and non-activated soldering flux is
recommended.

Water soluble type soldering flux
« In case of water soluble type soldering flux being
applied, the flux residue on the surface of PC boards
may have influences on the reliability of the components
and cause deterioration and failures of them.

Solder
« And eutetic solder (Sn63: Pb37) is recommended.

3.4 Soldering

Flow soldering

In the flow soldering process, abnormal and large thermal
and mechanical stresses, caused by “temperature gradient”
between the mounted capacitors and melted solder in a
soldering bath, may be applied directly to the capacitors,
resulting in failures and damages of the capacitors. So it is
essential that the soldering process be controlled to the
following recommended conditions and precautions. (See
Figure 6.)

Figure 6
Recommended Soldering Temperature—Time Profile
(Flow Soldering)
300 -
B Soldering
o 250 .
@ 200 240t0 A
é Preheating 250°C Gradual cooling
& 150 N
£ S
= 100 Se
50
0
‘ 1 minute or more 3-5sec. 2 minutes or more ‘

« Application of flux: The soldering flux (3.3) should be
applied to the mounted capacitors thinly and uniformly
by forming method.

e Preheating. The mounted capacitors/components
should be preheated sufficiently so that the
“temperature gradient” between the capacitors/
components and melted solder is 150°C or below.

< Immersion of soldering bath. The capacitors should be
cooled gradually to room ambient temperature with the
cooling temperature rates of 8°C/s max. from 250°C to
170°C, and 4°C/s max. from 170°C to 130°C.

* Flux cleaning. When the capacitors are immersed into
cleaning solvent, it should be confirmed that the
surface temperatures of devices do not exceed 100°C
(see section 3.5).

Reflow soldering

In the reflow soldering process, the mounted capacitors/
components are generally heated and soldered by a thermal
conduction system such as an “infrared radiation and hot
blast soldering system” or a “vapor phase soldering system
(VPS).” Large temperature gradients such as a rapid heating
and cooling in the process may cause electrical failures and
mechanical damages of the device. It is essential that the
soldering process be controlled by the following
recommended conditions and precautions. (See Figure 7.)

Figure 7
Recommended Soldering Temperature-Time Profile
(Reflow Soldering)
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« Preheating 1: Capacitors/components should be
preheated sufficiently, for 60 to 90 seconds so that the
surface temperature of them is 140° to 160°C.

« Preheating 2: After “Preheating 1,” the mounted
capacitors/components should be heated to the
elevated temperatures of 150° to 200°C for 2 to 5
seconds.

< Soldering. The mounted capacitors/components
should be heated under the specified heating
conditions (200 to 240 to 200°C for a total of 20 to 40
seconds; see Figure 7) and should be soldered at the
maximum temperature of 240° for 10 seconds or less.

< Cooling. After the soldering, the mounted capacitors/
components should be gradually cooled to room
ambient temperature for preventing mechanical
damages such as cracking of the devices.

e Flux cleaning. When the mounted capacitors/
components are immersed into cleaning solvent, it
shall be confirmed that the surface temperature of
them do not exceed 100°C. (See 3.5, Post Soldering
Cleaning.)
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Note: If the mounted capacitors/components are partially
heated in the soldering process, the devices may be
separated from the printed circuit board by the surface
tension of partially melted solder, and stand up like a
“tombstone.”

Hand Soldering

In hand soldering of the capacitors, large temperature
gradient between preheated capacitors and the tip of
soldering iron may cause electrical failures and mechanical
damages such as cracking or breaking of the devices. The
soldering should be carefully controlled and carried out so
that the temperature gradient is kept minimum with following
recommended conditions for hand soldering.

« Solder. $2mm thread eutetic solder (Sn63: Pb37) with
soldering flux* in the core.
* Rosin-based, and non-activated flux is recommended

* Preheating. The capacitors should be preheated so
that “temperature gradient” between the devices and
the tip of soldering iron is 150°C or below.

« Soldering iron. Rated power of 20W max. with 3m
soldering tip in diameter.

* Temperature of soldering iron tip: 300°C max. (The
required amount of solder should be melted in
advance on the soldering tip.)

« Cooling. After soldering, the capacitors should be
cooled gradually at room ambient temperature.

3.5 Post Soldering Cleaning

« Residues of corrosive soldering fluxes on the PC
board after cleaning may greatly have influences on
the electrical characteristics and the reliability (such
as humidity resistance) of the capacitors which have
been mounted on the board, it should be confirmed
that the characteristics and the reliability of the
devices are not affected by the applied cleaning
conditions.

« Solubility of alternative cleaning solvent (such as
alcohol) is inferior to that of freon cleaning solvent in
the flux cleaning. So, in the case of alternative
cleaning solvents applied, fresh cleaning solvent
should always be used, followed by sufficient rinsing
and drying.

« When an ultrasonic cleaning is applied to the mounted
capacitors on PC boards, following conditions are
recommended for preventing failures or damages of
the devices due to the large vibration energy and the
resonance caused by the ultrasonic waves.

Frequency : 20 kHz max.
Radiated power : 20 W/liter max.
Period : 5 minutes max.

3.6 Process Inspection

When the mounted printed circuits are inspected with
measuring terminal pins, abnormal and excess mechanical
stresses should not be applied to the PC board and
mounted components, in order to prevent failure of or
damage to the devices.

e The mounted PC boards should be supported by
some adequate supporting pins to prevent bending.

< Confirm that measuring pins have the right tip in
place, that they are equal in height, and are set in the
right positions.

3.7 Protective Coating

When the surface of a printed board on which the capacitors
have been mounted is coated with resin to protect against
moisture and dust, it should be confirmed that the protective
coat does not have influences on reliability of the capacitors
in the actual equipment.

< Coating materials, such as being corrosive and
chemically active, should not be applied to the
capacitors and other components.

< Coating materials with large expansivity should not be
applied to the capacitors for preventing failures or
damages (such as cracking) of the devices in the
curing process.

3.8 Dividing/Breaking of PC Boards
< Abnormal and excessive mechanical stresses, such
as bending or expanding force, on the components on
the printed circuit board, should be kept minimum in
the dividing/breaking.

< Dividing/breaking of the PC boards should be done
carefully at moderate speed by using a jig or
apparatus to prevent the capacitors on the boards
from mechanical damages.

3.9 Long-Term Storage

The capacitors shall not be stored under severe conditions of
high temperatures and high humidity. Store them indoors with
40°C max. and 75% RH max. Use them within six (6) months
and check the solderability before use (see section 1.5).
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